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1.5 CONCEPTS, DEFINITIONS AND ABBREVIATIONS
CONCEPTS OF QUALITY OF LIFE IN CLINICAL RESEARCH IN RELATION TO THIS THESIS
In 1995 Wilson and Cleary proposed a conceptual model for measuring Health Related Quality of Life 
(HRQoL) which included dimensions of symptom status, functional status and general health perceptions 
(1). This overall model is adopted in this thesis and the term Quality of life (QoL) will cover the disease 
specific HRQoL and Functional Health Status (FHS) of children and caregivers. The term QoL is chosen for 
simplicity as most people are familiar with this expression and have an intuitive understanding of what it 
comprises (2).
Nota bene: This terminology is to some extent inconsistent with the terminology used in paper I-1. In this 
paper HRQoL and FHS were described separately. This disparity stems from a lack of clear definitions 
regarding which constructs are measured by the OM-6 questionnaire at the time of writing. Some studies 
refer to OM-6 as an instrument for measuring HRQoL (3-5) while others consider it an instrument for 
measuring FHS (6-8). In this thesis I will adhere to the conceptual model proposed by Wilson and Cleary. 
Consequently, the term QoL will refer to the terms HRQoL and FHS used in paper I-1. 
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DEFINITIONS
Clinimetrics 
the domain concerned with indexes, rating scales and other expressions that are used to describe and 
measure symptoms, physical signs, and other distinctly clinical phenomena in clinical medicine (9;10)
Internal consistency 
The extent to which items in a scale or subscale are inter-correlated, thus measuring the same construct(11) 
Interpretability 
The degree to which one can assign qualitative meaning to quantitative scores (11)  
Minimal important change 
The smallest change in score in the construct to be measured which patients perceive as important (12) 
Reproducibility 
Reproducibility concerns the degree to which repeated measurements in stable persons provide similar 
answers (11)  
Responsiveness (sensitivity to measuring change) 
The ability of an instrument to detect change over time in the construct to be measured (13) 
Smallest detectable change 
Change that fall outside measurement error (14)  
Validity 
The degree to which an instrument measures the construct(s) it purports to measure (13) 
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ABBREVIATIONS
AOM Acute otitis media 
AUC Area under curve 
CHQ-PF50 Child Health Questionnaire 50 item version
CFA Confirmatory factor analysis 
CFI Comparative fit index 
CIQ Caregiver impact questionnaire 
d.f. Degrees of freedom 
EPC Expected parameter changes 
ES Effect size 
FHS Functional health status 
GPE Global perceived effect 
GRS Guyatts responsiveness statistic 
ICC Intraclass correlation coefficient 
Iqr Interquartile range 
MCID Minimally clinical important difference 
MI Modification index 
MIC Minimal important change 
NRS Numerical rating scale 
OM Otitis media 
OME Otitis media with effusion 
OM-6 Otitis Media-6 questionnaire 
QoL Quality of life 
rAOM Recurrent acute otitis media 
ROC Receiver operating characteristics 
RMSEA Root mean square error of approximation 
SD Standard deviation 
SDC Smallest detectable change 
SEM Standard error of measurement 
SF-36 36-item Short Form Questionnaire 
SRM Standardized response mean 
SRMR Standardized root mean square residual  
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INTRODUCTION2.
2.1 OTITIS MEDIA AND VENTILATING TUBE TREATMENT
Otitis media (OM) is a very common childhood disease and the leading cause of doctor consultations for pre-
school children (15). OM is the generic term for inflammation of the middle ear and it is present in an acute 
or chronic state. It is often divided in two major diagnostic subgroups; acute otitis media (AOM) and otitis 
media with effusion (OME). AOM is characterized by middle ear effusion and acute onset of signs and 
symptoms of middle ear inflammation such as fever, otalgia, possible otorrhoea and discomfort that may 
result in interference with or precludes normal activity or sleep (16). OME on the other hand, is defined as 
middle ear effusion without signs or symptoms of acute ear infection. Disease severity of OME ranges from 
no symptoms to lowered activity level and sleep disturbances or even significant hearing loss and speech 
impairment (17). Many children experience an overlap of symptoms from both disease-categories and the 
pathological picture may vary significantly concerning type as well as severity of symptoms, which is 
reflected by the use of several different regimens in the handling of OM. Treatments include an appropriate 
watchful waiting period, antibiotic treatment, adenoidectomy and ventilating tube treatment (VT) (18).  
Although earlier records of attempts to maintain tympanic membrane perforations exist, VT as we know it 
today was introduced in 1954 by Beverley Armstrong (19;20).  Since then, VT for recurrent AOM (rAOM) 
and chronic OME has become the most common pediatric surgical procedure (21). Therefore, there is a need 
for documentation on the effectiveness and appropriateness of this treatment. Many studies have been 
conducted to investigate the effectiveness of VT on objective parameters such as hearing, cognitive 
development and recurrence frequency. Large scale reviews have found that VT may reduce time with OME 
and has short term benefits on hearing in children with OME (22-24). Furthermore, VT seems to reduce the 
recurrence rate and duration in children with rAOM (24-27). However, in the same breath most of these 
reviews point out the necessity of more studies on subjective parameters such as child well-being and quality 
of life (22-25;27).   
2.2 QUALITY OF LIFE ASSESSMENT AND INSTRUMENT EVALUATION
In 1948 the World Health Organization defined Health as a state of complete physical, mental and social 
well-being and not merely the absence of disease (28). Although this is a broad definition it clearly 
indicates that measuring effects of treatments should go beyond narrow clinical measures. Since then, quality 
of life as an outcome for assessment of treatment effects has become increasingly recognized in clinical 
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research. Previously it was commonly included as a secondary endpoint, in which researchers wanted to 
show that objective effects of different treatments was supported by subjective benefits. However, during the 
last two decades there has been an increased recognition of using quality of life as the primary or only 
endpoint in clinical research (2). This is probably a consequence of researchers recognising 1) that patients 
often place more emphasis upon non-objective aspects of treatment than health care professionals, and 2) the 
fact that the subjective patient-oriented benefits may outweigh the benefits on objective parameters of a 
given treatment. Accepting that subjective patient-oriented benefits of treatments also have a place in health 
care is important and tightly connected to the notion of treating the patient, not just the disease. 
The quality of clinical research is highly dependent on study design, but also on the quality of the applied 
measurement instruments. Consequently, high quality clinical studies measuring subjective parameters such 
as QoL need to apply outcome measures in which relevant psychometric properties have been adequately 
established. In other words, assessment of these properties becomes crucial in assuring that the applied 
measurement instrument is capable of assessing what it purports to assess in a valid fashion. Therefore, 
assessment of validity and reproducibility is often required as minimum standards. Furthermore, if the 
measure is to be applied in longitudinal research assessment of its sensitivity to measuring change 
(responsiveness) is also necessary. Lastly, to enhance the applicability of outcome measures in clinical 
research, the user will want to know what a certain score means (11;29). This is especially important when 
obtaining change scores in longitudinal research. Although a change score is statistically significant it may 
not be clinically relevant to clinicians or patients/respondents. Therefore, investigations on the 
interpretability of scores are also highly relevant in connection to the assessment of psychometric properties 
of such measurement instruments (2;12). 
2.3 THE PROXY PROBLEM AND CAREGIVER QUALITY OF LIFE
For obvious reasons QoL is a patient-reported outcome and information is predominantly obtained by 
interview or questionnaire survey. However, assessment of QoL in young children is often complicated by a 
reduced ability in the child to contribute reliable information. Due to limited cognitive and language abilities, 
researchers often have to rely on caregiver proxy-reporting in children aged four or younger (30), and studies 
have indicated that caregivers own QoL may influence their proxy ratings of the childs health state (31;32). 
Furthermore, parents play an important role in the cooperation between children and healthcare 
professionals, and QoL of the parents may therefore potentially influence the treatment strategy for the child. 
Consequently, research on both child and caregiver QoL is important for understanding the full burden of 
diseases in pre-school children and in assessing treatment outcomes and planning future treatment strategies.  
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2.4 QUALITY OF LIFE IN RELATION TO VENTILATING TUBE TREATMENT
In 1991 the first study specifically aimed at assessing QoL in relation to OM was conducted by Facione et al. 
By concluding that to consider otitis media simply from a tissue pathology point of view is unacceptably 
narrow in focus, and does not serve well the child with chronic OM this study marked the starting point of a 
new area of research in this disease (33). Since then, a number of studies have investigated the impact of OM 
on QoL using an array of different measurement instruments (8;34). This following section will focus on 
instruments used to assess QoL in relation to VT and outcomes of studies using these instruments. 
2.4.1 MEASUREMENT INSTRUMENTS APPLIED IN THE LITTERATURE
Six different measurement instruments have been applied in studies assessing QoL in relation to VT. Table 1 
presents an overview of the psychometric properties of these measurement instruments based on 
recommendations for psychometric evaluation by Terwee et al. (11).  
Table 1 - Psychometric properties of measurement instruments used to assess quality of life in relation 
to ventilating tube treatment 
 Validity Internal 
consistency 
Reproducibility Responsiveness Interpretability  Studies 
on VT 
OM-6  + + + + (+)a  5 
TAIQOL + + + - ?  1 
OMO-22 + + + + ?  1 
PQ ? ? ? N.R.b N.R.b  1 
TS- ? ? ? N.R.b N.R.b  1 
GBI + + + N.R.b N.R.b  1 
+ psychometric property assessed and found acceptable, - psychometric property assessed and found unacceptable, ? assessment of 
psychometric property not reported, N.R. not relevant. 
a The developers (Rosenfeld et al.) (4) adopted an algorithm for interpreting change scores from a study on asthma patients. Brouwer 
et al. investigated minimal important change as perceived by the clinician (6). No studies have investigated respondent perceived 
important change. 
b Not relevant, instrument designed to measure retrospectively.  
The disease specific Otitis Media-6 (OM-6) questionnaire is the most widely used measurement instrument 
(5;35-38) and different studies have assessed the psychometric properties of this instrument in children with 
rAOM and OME (3-6). The OM-6 has been translated into Dutch, Finnish and Greek. Both the English and 
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the Dutch versions have good psychometric properties and according to a large review on the psychometric 
properties of different QoL instruments applied in OM research this instruments was the best measure of 
child QoL in relation to OM (8). Furthermore, Finnish and Greek versions of OM-6 have been used in 
randomized trials (38;39). However, there is no information available on the psychometric properties of 
these versions. The Otitis Media Outcome-22 is an extended version of the OM-6. This has been used in one 
study and basic psychometric properties are investigated in this study (40). 
The generic TNO-AZL Infant Quality of Life (TAIQOL) has been used in one randomized trial on OME 
children (41). TAIQOL has been found to have acceptable reproducibility and validity in a general 
population of children (42) and in children with rAOM (6). However, there is no information available on the 
psychometric properties of this instrument in OME children. Furthermore, it has been found to have poor 
responsiveness in a population of rAOM children, which may limit its use in longitudinal research (6).
Three studies used instruments developed for retrospective assessment of QoL in relation to VT. Two studies 
developed questionnaires for the assessment of QoL (The Parents Questionnaire (PQ) and Telephone 
Survey (TS)) but did not assess the psychometric properties of these instruments (33;43). The last study used 
a modified version of the Glasgow Benefit Inventory (GBI) (44). Good reproducibility and validity of GBI 
have been found in children who underwent tonsillectomy and/or VT (45).   
2.4.2 CHILD QUALITY OF LIFE IN RELATION TO VENTILATING TUBE TREATMENT
Two reviews have previously assessed the effects of VT on different parameters including child QoL 
(22;24). A Cochrane review on ventilating tube treatment for hearing loss associated with OME was 
published in 2010 by Browning et al. They included one randomized controlled trial and found no evidence 
supporting an effect of ventilating tube treatment on child QoL after six and twelve months (22). Hellström 
et al. published a systematic review on ventilating tube treatment in 2011 in which they included studies 
published until 2007. They included three studies and concluded that ventilating tube treatment during the 
initial two to nine months improves QoL in children with OME and that scientific support is lacking for any 
effects of grommet treatment on QoL in children with rAOM (24). Both reviews included very few studies 
which may be attributed to the quality of the existing literature. The following section will focus on this 
aspect. 
Ten studies have specifically assessed child QoL as a primary outcome in relation to VT. These include three 
randomized controlled trials (37;38;41), four prospective cohort studies (5;35;36;40) and three retrospective 
cohort studies (33;43;44). Table 2 presents an overview of the studies.  These studies will be reviewed 
critically regarding quality and discussed according to their level of evidence (46).  
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Table 2  Literature on quality of life in relation to ventilating tube treatment 
Author, 
country, 
year  
N, diagnoses, age 
(range) a
Response rates Instrument Main outcomes 
Controlled trials 
Rovers,  
Holland, 
2001 (41) 
187 OME  
(93 VT, 94 WW) 
1.6 (1-2) 
98% (bl.) 
94% (6 mos.) 
88% (12 mos.) 
TAIQOL Except for one subdomain the VT-group showed 
greater improvement or less deterioration than 
controls. However, group differences not statistically 
significant. 
Vlastos, 
Greece, 
2011 (37) 
52 OME 
(25VT+AT, 27 
MT+AT1) 
 4.5 (3-7) 
100% (bl.) 
87% (6 mos.) 
79% (12 mos.) 
OM-6 Significant improvement after 6 mos. in VT-group 
compared to MT group. No difference between groups 
at 12 mos. Surgery in summer enhanced prognosis in 
terms of recurrence or persistence of OM. age, gender, 
viscosity, operation type not significant predictors. 
Kujala, 
Finland, 
2014 (38) 
159 rAOM  
(53 VT, 54 VT+AT, 
52 WW), 
0.8-2.0 
82% (4 mos.) 
80% 12 mos.) 
OM-6 QoL Improvements in all subgroups with no subgroup 
differences.  Number of recurrence episodes did not 
show correlation to QoL at entry to study, but 
decreased most in the two surgery groups. 
Prospective cohort studies 
Rosenfeld, 
USA,  
2000 (35)  
248 rAOM/OME,  
1.4 (0.5-9.9) 
100% (1 mo. 
pre-bl.) 
100% (bl.) 
100% (1 mo.) 
OM-6 Nearly 80% of children improved within several 
weeks of surgery, with more than half experiencing 
large benefit. In contrast most children had only small 
or trivial changes in their QoL in the weeks preceding 
surgery. Domains physical suffering, emotional 
distress and caregiver concern changed the most.  
Richards, 
USA,  
2002 (40)  
123 rAOM/OME, 
2.4 (<16)2
100% (bl.) 
73% (1 mo.) 
62% (6 mos.) 
OMO-22 Significant improvements at 1 and 6 mos. Physical 
symptoms, caregiver concerns, emotional distress and 
hearing loss improved the most.  >50% of caregivers 
worried, concerned, or inconvenienced by their childs 
ear infection all the time before surgery. This changed 
to 1% and 7% at 1 month follow-up and 6 month 
follow-up, respectively. 
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Witsell, 
USA,  
2005 (5) 
272 rAOM/OME 
(137 VT),  
2.0 (±2.4) 
93% (bl.) 
65% (3 mos.) 
52% (6 mos.) 
27% (12 mos.) 
OM-6 Improvement in both groups at 3 mos. 2.6 times  
larger improvement in VT-group compared to non-
VT-group. Improvement persistent after 9 months. 
Socioeconomic status and disease severity associated 
with clinical success. 
Chow, 
Australia, 
2007 (36) 
53 rAOM/OME,  
5.1 (0.9-15.4) 
100% (bl.) 
100% (6 wks.) 
OM-6 Significant improvement at 6 weeks follow-up. The 
domain of caregiver concerns showing the greatest 
change, followed by physical suffering and emotional 
distress.  
Retrospective cohort studies 
Facione, 
USA,  
1991 (33)  
61 rAOM/OME, 2.1 
(0.5-7.2) 
61% (12 mos.) PQ Hypothesis of VT significantly improving QoL 
(decreased health care visits and decreased oral 
antibiotic therapy) strongly supported by findings.  
Mui,  
USA,  
2005 (43) 
273 rAOM/OME,  
?<18 
53% (12 mos.) TS Post-surgical improvement on overall child-QoL 
(90%) and caregiver-QoL (91%). 93% of parents 
would recommend the procedure. 
Rosenfeld, 
USA, 
 2011 (44) 
223 rAOM/OME 
55% at-risk 
children3 , 
2.3 (1.3-4.1) 
73% (median 
24 mos.) 
GBI Overall changes were favorable. Median response for 
all items was much better. Caregivers of at-risk 
children reported better outcomes after tubes than did 
caregivers of not at-risk children for speech and 
language and for learning or school performance. No 
differences were reported between groups for hearing, 
the childs life overall, or for things the child can do. 
Abbreviations: N, Number of participants; VT, Ventilating tube treatment; MT, Myringotomy; AT, Adenoidectomy; WW, Watchful 
waiting 
aAll patients received ventilating tube treatment unless otherwise stated 
1Inclusion criteria: scheduled for adenoidectomy due to sleep disordering breathing with concurrent OME. All children also received 
tonsillectomy. 
2Range not presented. Inclusion criteria was children <16 years 
3Risk factors: speech/language delay/disorder, development delay/disorder, permanent hearing loss, syndrome disease, 
blindness/visual impairment, cleft palate  
RANDOMIZED TRIALS
These studies included either subgroups of children with OME (37;41) or rAOM (38). All studies observed 
considerable improvements in QoL at follow-up. The VT-group was the one showing the largest 
improvements in all studies but no significant difference was found between groups. Unfortunately, these 
studies suffer from different important limitations and some concerns need to addressed regarding the 
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external and internal validity of conclusions drawn in these studies. Self-selection bias may have been 
introduced in the enrollment of children into these studies which potentially limits the generalizability (47). 
OM is a self-limiting disease in most cases which means that many children are likely to experience 
improvements in QoL over time without treatment (48). Consequently, in order to truly assess the benefits of 
VT it is important to include children from the full spectrum of disease severity. None of the studies were 
able to present a consecutive intake. One study does not report on non-included eligible children (37), while 
the other two studies present a non-participation rate of 51% and 27% (41;49). Furthermore, none of these 
studies presented information on baseline QoL or other variables related to disease severity for the non-
participants. It is likely that caregivers of the most severely affected children are the ones who refused 
participation as they did not want their children allocated to a non-treatment group. Furthermore, 10-15 
percent of children allocated to the non-treated groups received VT (41;49). It is likely that these children 
had lower QoL compared to the remaining children in their allocation group. Consequently, as all three 
studies correctly applied the intention to treat analysis, scores of these children have decreased the overall 
QoL score of the group allocated to no treatment. Lastly, the validity of results of these studies may be 
limited by group size (37;38), application of instruments of which the psychometric properties have not been 
assessed in the language it is used (37;38) and by application of an instrument that may have poor sensitive 
to measure change (41) (see section 2.4.1). 
COHORT STUDIES
QoL improvements after treatment were observed in all cohort studies. All studies include children with 
rAOM, OME or a mixed diagnosis of rAOM/OME. One study assessed QoL twice before intervention, by 
which the children became their own controls. Significant short-term improvements were found after 
intervention versus mostly trivial or small change before intervention (35). Unfortunately this study is 
weakened by the possible presence of sample bias as only 64% of families are included consecutively. No 
analysis on differences between families included consecutively versus families included conveniently was 
presented. Another study included a convenience sample of children of which 50% underwent VT and 
concluded that larger QoL improvements are found among the grommet treated children (5). High risk of 
sample bias may be present in this study. Thirty-one physicians recruited only nine patients each on average 
over a period of almost two years. Furthermore, despite the fact that large clinical differences between 
children receiving VT versus children not receiving VT seem to have been present, no effort was made to 
compare the two groups. Finally, poor response rates in this study add to the risk of selection bias. 
Conclusions of the remaining two single group prospective cohort studies also pointed towards positive 
effects of VT (36;40). A consecutive intake design is presented in both studies but is unclear if this was 
actually achieved in one of the studies (36). Both studies have rather small study samples and limited by the 
lack of control groups. The retrospective studies were all long-term follow-up studies (33;43;44). Large risk 
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of recall bias is present in these studies as they measure retrospectively. Furthermore two of the studies are 
further weakened by possible instrument bias as none of the studies applied validated instruments (33;43). 
Although all cohort studies include children with rAOM and/or OME, none of these studies report results on 
subgroup differences. This limits the interpretation of results as the pathological picture may vary 
considerably between the diagnostic subgroups (see section 2.1).  
In conclusion the literature on the effects of VT on child QoL is limited and several issues limit the 
interpretation of results of the existing literature: 
• There is a need for more high quality studies (appropriately designed prospective studies with or 
without randomization). 
• Furthermore, there is a lack of studies focusing on differences among diagnostic subgroups.  
2.4.3 CAREGIVER QUALITY OF LIFE IN RELATION TO VENTILATING TUBE TREATMENT 
None of the existing reviews include assessment of caregiver QoL in relation to VT (22;24) and the literature 
on this aspect is limited. Only one study aims specifically at assessing caregiver QoL in relation to VT (43). 
However, the use of a non-validated questionnaire, retrospective study design, poor response rate and unclear 
presentation of population characteristics unfortunately weakens this study. Five studies address the effect of 
VT on caregivers by means of a single question regarding caregiver concern included in the OM-6 and 
OMO-22 questionnaires (5;35-38;40). Interestingly, most of these studies find this domain to be the one 
showing the greatest improvements after VT (35;36;38;40). This underlines the importance of studies 
assessing caregiver QoL in order to fully understand the burden of OM and the effects of different 
treatments. In conclusion no studies have assessed caregiver QoL in relation to VT as an individual domain 
by means of a validated measurement instrument: 
• There is a need for high quality prospective studies assessing caregiver QoL in relation to VT. 
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OBJECTIVE AND AIMS3.
3.1 OBJECTIVE
The overall objectives of this PhD thesis was to make measurement instruments for assessing child and 
caregiver QoL in relation to OM in pre-school children available in the Danish language and to measure QoL 
in relation to VT.  
3.2 AIMS
The specific aims of this PhD thesis were: 
PART I: PSYCHOMETRIC PROPERTIES OF THE INSTRUMENTS
• To translate and cross-culturally adapt the Otitis Media-6 and Caregiver Impact Questionnaire into 
the Danish language (paper I-1 and paper I-2). 
• To assess the validity, reproducibility and responsiveness of the Danish versions of the Otitis Media-
6 and Caregiver Impact Questionnaire (paper I-1 and paper I-2). 
• To investigate the interpretability of the Otitis Media-6 and Caregiver Impact Questionnaire and to 
propose a respondent perceived minimal important change value for each of the instruments (paper 
I-1 and paper I-2). 
PART II: PROSPECTIVE OUTCOMES STUDY
• To assess quality of life in children scheduled for ventilating tube treatment before and after 
treatment and to investigate possible predictors of clinical success (paper II-1).
• To assess caregiver quality of life and daily functioning in relation to ventilating tube treatment and 
to investigate possible predictors for clinical success (paper II-2).  
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METHODS4.
4.1 PARTICIPANTS AND SETTING
Children scheduled for VT and their caregivers were enrolled from private Ear-Nose-Throat (ENT) clinics 
situated on the island of Funen in Southern Denmark. Fifteen ENT specialists representing 13 private clinics 
participated in the study. Each ENT specialist participated for at least six months and was informed to 
include families consecutively. 
Inclusion criteria: 
1) Indication for bilateral or unilateral VT established by an ENT specialist. 
2) Children aged six months to six years 
3) Caregivers should be able to read, write and understand Danish. 
Exclusion criteria:  
1) History of previous VT 
2) Children with other concurrent disease that could potentially affect QoL such as syndrome diseases, 
cleft lip and palate and heart or lung disease. 
4.2 STUDY DESIGN AND PROCEDURE
The study was designed as a prospective cohort study. Data was used in analyses conducted in both the 
psychometric evaluation study and the observational outcomes study. To allow for seasonal variation, the 
inclusion period spanned 13 months from February 2011 to March 2012. Questionnaire booklets (section 
4.2.2) were administered to the families at seven time points. Parents were asked to complete the 
questionnaires on the day the ENT specialist established indication for VT (pre-baseline), within four days 
prior to surgery (baseline) and at follow-up after 1, 3, 6, 12 and 18 months. All pre-baseline questionnaires 
were handed out and completed on paper. For all subsequent questionnaires caregivers were given the choice 
between paper based questionnaires or electronic questionnaires. Eighty-two percent of caregivers chose to 
complete all subsequent questionnaires online.  
4.2.1 MEASUREMENT INSTRUMENTS
In 2002 the Scientific Advisory Committee of the Medical Outcomes Trust proposed criteria meant to aid 
researchers in choosing relevant QoL instruments of acceptable quality. According to these criteria there are 
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eight attributes of instrument properties that warrant consideration. These include (1) conceptual and 
measurement models, (2) reliability, (3) validity, (4) responsiveness, (5) interpretability, (6) respondent and 
administrative burden, (7) alternate forms as well as (8) cultural and language adaptations (29). Based on 
these criteria two measurement instruments were chosen for the assessment of child and caregiver QoL in 
relation to otitis media. 
OTITIS MEDIA-6 QUESTIONNAIRE 
The Otitis Media-6 (OM-6) is a disease specific proxy-completed questionnaire designed specifically for the 
assessment of QoL in children with OME and rAOM. The questionnaire covers physical and emotional 
domains of child QoL as well as impact on caregiver. It includes six items measuring physical suffering, 
hearing loss, speech impairment, activity limitations, emotional distress and caregiver concern (4). Its 
brevity and ease of use makes it ideal for application in different settings and since its development in 1997 
(4), it has become the most frequently used questionnaire applied in the international literature (8;50).  Each 
of the items is scored on a Lickert-type scale ranging from 1 to 7, with 7 representing worst score.  
Respondents (caregivers) are asked to recall symptom history pertaining to the previous four weeks. When 
interpreting change scores, previous studies have relied on an algorithm adopted from a study on asthma 
patients which divides changes scores into worse, trivial, small, moderate and large change (4;51). The 
literature on assessment of the psychometric properties of OM-6 is limited to a few studies (3-6;52) and 
several important aspects of the psychometric quality of the instrument have yet to be investigated. For 
example, no studies have reported on analysis of the factor structure of OM-6 which is fundamental to the 
analysis of validity. In addition, specific analyses of measurement error, smallest detectable change or 
respondent perceived minimal important change are absent  parameters important for interpretability of the 
OM-6. 
CAREGIVER IMPACT QUESTIONNAIRE
The Caregiver Impact Questionnaire (CIQ) has been developed to assess caregiver QoL in relation to OM (7) 
and is a further development of the Family Functioning Questionnaire (6).  The CIQ includes six items 
covering physical and emotional domains of caregiver QoL in relation to otitis media in the child (7). Items 
covering the physical domain comprise information on lack of sleep, absence from work or education, 
cancelling of family activities and changing daily activities, whereas items covering the emotional domain 
are related to feelings of nervousness, agitation, irritability, helplessness and frustration. Like the OM-6, 
items are scored on a Lickert-type scale ranging from 1 to 7, with 7 representing worst score. In the original 
version respondents were asked to recall symptom history pertaining to the previous 3 months. However, we 
chose a  4-week recall period to 1) streamline the recall period with the remaining questionnaires in the study 
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and 2) to reduce recall bias which may be problematic in fluctuating diseases (53). Investigations on the 
psychometric properties of the CIQ are limited to one study assessing reliability and validity (7).   
4.2.2 QUESTIONNAIRE BOOKLETS
OM-6 and CIQ (Appendix I) were included in booklets at all time-points. Additional measurement 
instruments were included at baseline and one month follow-up for the purpose of psychometric evaluation. 
These instruments included two numerical rating scales for assessing global disease specific QoL in the child 
(NRS-child) and caregiver (NRS-caregiver) (Appendix II) (4;7) and relevant subscales of the Child Health 
Questionnaire - CHQ-PF50 and the 36-item Short Form questionnaire (SF-36) (Appendix III) (54-61). 
Furthermore, a seven point global perceived effect (GPE) scale in which respondents stated to which extend 
they had experienced changes in the disease specific child and caregiver QoL after intervention were 
included (Appendix IV). The seven response options were: 1) very much improved, 2) much improved, 3) a 
little improved, 4) no change, 5) a little deterioration, 6) much deterioration, 7) very much deterioration. The 
GPE-scales were included at one-month follow-up. We also collected 4-week history information regarding 
the number of doctor visits, days of antibiotic use, days of observed lower activity level in the child, number 
of interrupted nights, days absent from work or education and number of times forced to cancel social 
activities because of OM in the child.  
Table 3 - Contents of questionnaire booklets 
Time points Included instruments 
Pre-baseline OM-6, CIQ and NRS-scales 
Baseline OM-6, CIQ and NRS-scales 
Subscales of CHQ-PF50 and SF-36 
 4-week history information 
1 month follow-up OM-6, CIQ 
Subscales of CHQ-PF50 and SF-36  
GPE-scales  
4-week history information 
3 months follow-up OM-6, CIQ and NRS-scales 
6 months follow-up OM-6, CIQ and NRS-scales 
12 months follow-up OM-6, CIQ and NRS-scales 
18 months follow-up OM-6, CIQ and NRS-scales 
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4.2.3 ADDITIONAL INFORMATION
Additional information collected at baseline included history of middle ear symptoms and VT in siblings, 
presence in daycare/institution, use of pacifier, smoking inside the house, demographic data comprising 
household income, caregiver educational level and occupation and  number of adults and children in the 
household. Finally, we obtained data on repeated VT and adenoidectomy from the Danish National Health 
Service Register. 
4.3 PART I: PSYCHOMETRIC EVALUATION STUDY
4.3.1 TRANSLATION AND CROSS-CULTURAL ADAPTION
The principles of forward-backward translation were applied to the OM-6, CIQ and the NRS-scales in 
accordance with guidelines proposed in the literature (62). Written consent to translate and apply the 
questionnaire was obtained from the original developers. 
Step 1: Forward translation. The original English language instruments (4;7) were translated into Danish by 
two translators, both with Danish as their mother tongue. One translator had a medical background, was a 
parent of children who had undergone VT for OM and fluent in English. The other translator was naive to 
the concept in question and worked as a professional translator. 
Step 2: Synthesis. One common translation was produced by an expert committee based on the original, the 
two translations and feedback from the translators. The expert committee comprised the research group. A 
written report documented the synthesis (Appendix V). 
Step 3: Back translation. The common translation obtained from step 2 was translated back into English by 
two translators with English as their mother tongue. Both translators were naïve to the concept in question 
and worked as professional translators. 
Step 4: Consolidation. Based on all versions of the instruments and feedback from the translators, the expert 
committee produced a pre-final version of the instruments. A written report documented the synthesis 
(Appendix V). 
Step 5: Testing and final version. The pre-final versions were tested in a pilot study including 15 families. 
Oral feedback on content validity, wording and ease of understanding was obtained through telephone 
interview and a final version of the instruments (Appendix I) was produced based on the feedback. 
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4.3.2 STATISTICAL ANALYSIS
DATA VALIDITY, MISSING ITEMS AND SUMMARY SCORE 
Data from baseline questionnaires completed no later than seven days after ventilating tube treatment were 
considered valid and included for analyses. Missing items were investigated at baseline and follow-up and 
managed in the following manner: if more than 50% of items were missing, the summary score was 
discarded (regarded as missing in total) and if 50% of items or less were missing, proportional recalculation 
was applied to calculate the summary score. This means that the sum score of the items were divided only by 
the number of items answered, and not the total number of items (63). 
VALIDITY AND INTERNAL CONSISTENCY
Structural validity and internal consistency. Confirmatory factor analysis (CFA) was conducted in order 
to investigate the accuracy of the hypothesized one-factor structure of OM-6 and CIQ (4;7). Asymptotically 
distribution free estimation was applied because of non-normality. Model accuracy was based on the chi-
square test and the following model fit indices: 1) comparative fit index (CFI), 2) root mean square error of 
approximation (RMSEA), and 3) standardized root mean square residual (SRMR). As the relatively large 
sample size has the potential to produce statistically significant chi-square values which are essentially 
unimportant, all significant chi-square values were interpreted in combination with the other fit indices (64). 
Model fit was interpreted as acceptable if CFI >0.90, RMSEA <0.08 and SRMR <0.08. Model 
misspecifications were calculated using the expected parameter changes (EPC) and modification index (MI) 
(65). Lastly, internal consistency was assessed by calculating Cronbachs alpha. Alpha should be between 
0.70 and 0.95 (11).  
Construct validity. Hypotheses were constructed regarding correlations between items (inter-item), between 
items and summary scores (item-total) and between summary scores (total-total) within and between the 
questionnaires (11;12). A higher percentage of correct predictions indicate stronger support for construct 
validity. A correlation of <0.3 was defined as weak, 0.3-0.5 as moderate and >0.5 as strong (66).  
REPRODUCIBILITY
Assessment of reproducibility included analysis of test-retest reliability and agreement. 
Test-retest reliability. Reliability was assessed by calculating the intraclass correlation coefficient 
(ICC2.1.A) (67). Criteria for inclusion in the test-retest analysis were 1) 2 to 14 days between pre-baseline 
and baseline measurements due to the fluctuating nature of OM, 2) a statement from the caregivers 
confirming that they perceived the state of OM in their children to be static between the repeated 
measurements and 3) the same respondent at both measurements. An ICC of at least 0.70 is required as a 
minimum standard for test-retest reliability (2;11;53). 
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Agreement. The smallest detectable change (SDC) was computed to investigate the agreement. SDC is 
based on Standard Error of Measurement (SEM) which is the variability in measurements (SD) of the same 
individual with a confidence of 95% and is expressed in the unit of the measurement. It was estimated by 
computing the square root of the within subject variance of the patients (SEMagreement = between measurement + 
residual) (68). Variance components were obtained from a multilevel mixed effects model (restricted 
maximum likelihood estimates) (69). Because SDC is the smallest amount of change in individuals that can 
be detected beyond measurement error with a confidence of 95%, it is calculated as 1.96*2*SEM (11). 
Furthermore, Bland-Altman plots were constructed in order to visualize the agreement between test-retest 
scores. The SDC corresponds to the limits of agreement (LOA) in the presence of no systematic error (70). 
LOA can be computed as mean difference ± 1.96*2*SEM = mean difference ± SDC (11).  
RESPONSIVENESS
Criterion responsiveness. For assessment of criterion responsiveness the GPE scale was included as an 
external anchor, and correlations between change scores and the GPE score were expected to be least 0.5 
(71). Subsequently, receiver operating characteristic (ROC) curve analyses were performed in which 
respondents were dichotomized according to their responses on the GPE-scale. We considered respondents
choosing response option 1-2 on the GPE-scale as importantly improved and those choosing option 3-5 as 
stable (Figure 1). The area under the curve (AUC) was interpreted as the probability of correctly 
identifying the importantly improved from the stable children or caregivers. An AUC of 1.00 indicates 
perfect discrimination whereas an AUC of 0.50 indicates that discrimination is no better than chance. AUC 
should be at least 0.70 (11). 
Figure 1  Respondents dichotomized according to their responses on the GPE-scale
GPE scale (caregiver example) 
Overall, how would you rate your own quality of life as a result of middle ear 
infection or middle ear fluid in your child now compared to how it was before 
ventilating tube treatment? 
1) Very much improved 
2) Much improved 
3) A little improved 
4) No change 
5) A little deterioration 
6) Much deterioration 
7) Very much deterioration.   
Importantly improved caregivers 
Stable caregivers 
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Construct responsiveness and floor/ceiling effects. Construct responsiveness was assessed by hypothe-
sizing that correlations between change scores of the different questionnaires would be at least 0.5 (11;12). 
Lastly, floor and ceiling effects were investigated at baseline as presence of these may hamper the possibility 
of detecting change. These were considered present if more than 15% achieved the highest or the lowest 
possible score (11;72). 
MINIMAL IMPORTANT CHANGE (MIC)
A three step procedure was applied integrating both anchor-based and distribution-based methods to 
determine the MIC (73) . In step one the study sample was dichotomized according to the anchor in groups 
of importantly improved children versus stable children as described in the CRITERION 
RESPONSIVENESS paragraph. In step two the distribution of change scores is plotted. Proportional 
frequencies are used in order to avoid influence of the sample size of the groups on the curve and cut-off 
points. In step three the MIC is determined by using the optimum ROC-point cut-off point as benchmark. By 
weighting sensitivity and specificity equally this cut-off point is assumed to represent the lowest overall 
misclassification. Lastly, the MIC was related to the SDC by computing the group size needed to achieve an 
SDCgroup that equals the MIC (n = (SDC/MIC)
2) (74). 
4.4 PART II: PROSPECTIVE OUTCOMES STUDY
4.4.1 STATISTICAL ANALYSIS
CHANGE SCORE ANALYSES
Child and caregiver QoL were assessed using the OM-6 and CIQ. The summary score was computed as 
described in section 4.3.2. Respondents were asked to complete questionnaires twice before surgery in order 
to compare changes after VT with changes before VT. By doing so the respondents were used as their own 
pseudo-controls. Only change scores obtained from respondents with an interval of more than 21 days 
between pre-baseline and baseline were considered valid for this analysis. Information on caregiver daily 
functioning comprised number of interrupted nights, days of absence from work or education, cancelled 
social activities and doctor visits due to middle ear problems in the child pertaining to the last four weeks 
prior to intervention and again at one month follow-up. 
 For selected analyses respondents diagnosed with rAOM and rAOM/OME were combined in a +rAOM 
group if there were no significant difference between these respondents. Respondents only diagnosed with 
OME made up the rAOM group.  
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Mixed models data analysis was applied on data based on repeated measurements. Simple random intercepts 
models were constructed to test for statistical significance in change from baseline scores to follow-up scores 
and to test for difference scores between diagnostic subgroups. 
PREDICTOR ANALYSIS 
To determine predictors associated with clinical success, we computed the following analysis. First, we 
determined factors associated with childrens and caregivers experience of important changes in QoL after 
intervention at short-term (1 month) and long-term (12 months) follow-up. MIC values obtained from the 
psychometric evaluation study were used to dichotomize respondents into groups of importantly improved 
versus stable (75). Second, we determined factors associated with the need for repeated surgery, including 
the QoL and factors related to disease severity. The dependent variables were the dichotomized variable of 
importantly improved vs. stable respondents and having repeated surgery vs. no repeated surgery within 18 
months follow-up. Independent variables included all relevant covariates. Non-binomial variables were 
dichotomized at the median if possible. Univariate logistic regression analysis determined variables eligible 
for inclusion into the multivariate analysis. Multivariate logistic regression with stepwise omission of least 
significant variables was applied in the predictor analysis. 
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SUMMARY OF RESULTS5.
5.1 STUDY SAMPLE AND RESPONSE RATES
Five-hundred-sixty-nine families met the inclusion criteria. Seventy-eight families were not included, either 
because they declined the invitation or because the ENT specialist for logistical reasons failed to invite the 
family to join the study. Due to extreme workload one clinic enrolled less than 50% of eligible families 
which accounted for 40% of the 78 families that were not included. We did not find any significant 
differences on demographic variables, child age and gender or QoL scores between families enrolled by this 
clinic compared to those enrolled by the rest of the clinics. There were no significant differences between our 
study sample and the 78 families not included with regards to diagnostic subgroup, child age and child 
gender. The remaining 491 families were included in the analysis. Response rates ranged from 96% to 79% 
from one to 18 months follow-up. Basic descriptive data are presented in Table 4. 
Table 4  Basic study sample information 
Total sample 
Age of child, median (Iqr) a 1.44 (1.14) 
Diagnostic subgroup N (%)a
rAOM 71 (14.5) 
OME 233 (47.5) 
rAOM/OME 187 (38.0) 
Gender, N (%)a
Male 274 (55.8) 
Female 217 (44.2) 
Repeated VT during 18 months follow-up, N (%)b  
None 331 (69.1) 
1 re-insertion 123 (25.7) 
2 re-insertions 21 (4.4) 
3 re-insertions 4 (0.8) 
Adjuvant adenoidectomy at baseline, N (%)b 36 (7.5) 
Adjuvant adenoidectomy after baseline during 18 months follow-up, N (%)b 23 (4.8) 
a N=491, b N=479 
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5.2 PART I: PSYCHOMETRIC EVALUATION STUDY
5.2.1 TRANSLATION AND CROSS-CULTURAL ADAPTION
Some pertinent issues were encountered during the process of translation and cross-cultural adaption. These 
were mainly of semantic nature and were all resolved by consensus. Pilot testing did not result in any 
changes to the final version. Translated versions of the OM-6 and CIQ along with reports on issues 
encountered during the process of translation and cross-cultural adaption are presented in appendix I-III. 
5.2.2 DATA VALIDITY AND MISSING ITEMS
Data from 56 respondents had to be excluded because of late baseline responses, which left us with valid 
responses from 435 caregivers. Missing items were negligible and ranged from 0.0-1.1% for the six items on 
both instruments. 
5.2.3 VALIDITY
Structural validity and internal consistency. CFA confirmed the 1-factor model. However, in order to 
obtain an acceptable fit it was necessary to include correlations of error terms of item sets (Figure 2). These 
covariances made conceptual sense. Cronbachs  was 0.75 for the OM-6 and 0.90 for the CIQ. 
Construct validity. Eighty-three percent of the 42 hypothesized correlations were correctly predicted in the 
analysis of construct validity. 
Figure 2  Path diagram displaying the final model including correlated item sets 
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5.2.4 REPRODUCIBILITY
Test-retest reliability. ICC was 0.85 for the OM-6 and 0.87 for the CIQ. Mean difference was close to zero 
indicating no systematic difference between test-retest scores. 
Agreement. Only scores exceeding 19.6 for the OM-6 and 22.3 for the CIQ would be detectable beyond 
measurement error at the individual level. Bland-Altman plots are presented in figure 3. 
Figure 3  Bland Altman plots with mean difference score and limits of agreement 
     
5.2.5 RESPONSIVENESS
Criterion responsiveness. Change scores of both instruments correlated strongly (r<0.5) with the GPE 
scores. AUCs computed in the subsequent ROC-analysis were 0.80 implying that both instruments were able 
to distinguish between groups of different disease severity (Figure 4).   
Construct responsiveness and floor/ceiling effects. Change scores of the included instruments correlated 
strongly (r>0.5) with each other. Floor effect was slightly higher on the CIQ (6.5%) than the OM-6 (0.5%). 
None of the instruments showed any ceiling effect in the current setting.
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Figure 4 - ROC-analysis computed in responsiveness analysis 
5.2.6 INTERPRETABILITY
Minimal important change. The MIC was 16.7 for the OM-6 and 13.8 for the CIQ with a sensitivity of 0.8 
and a specificity of 0.7. This was within measurement error (SDC), however, MIC will be beyond 
measurement error even in very small studies. Figure 5 presents the distribution of change scores related to 
the anchor as computed in the analysis of criterion responsiveness with the MIC plotted. 
Figure 5  Distribution of change scores related to the anchor and minimal important change 
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5.3 PART II: PROSPECTIVE OUTCOMES STUDY
5.3.1 CHILD AND CAREGIVER QOL 
Significant improvements in child and caregiver QoL were observed in relation to VT. A diagnosis of rAOM 
was related to worse baseline QoL and larger improvements (Figure 6). Approximately 70% of children and 
caregivers had experienced minimal important improvements at one month follow-up (Table 5).  
Figure 6  Quality of life of children and caregivers in relation to ventilating tube treatment 
Table 5  Children and caregivers experiencing minimal important change in quality of life after 
treatment 
 Children  Caregivers 
Follow-up +rAOM -rAOM  +rAOM -rAOM 
1 month 78.1% 62.1%  77.2% 55.3% 
3 months 84.2% 70.0%  85.6% 60.1% 
6 months 80.4% 70.1%  86.5% 65.7% 
12 months 82.0% 65.6%  84.2% 62.8% 
18 months 87.4% 74.5%  90.4% 68.6% 
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Change scores from pre-baseline to baseline were available for 74 respondents with a mean of 31.7 days
between measurements (Figure 7). These children and caregivers did not differ significantly from the total 
sample with regards to baseline score. 
Figure 7  Quality of life of the pre-baseline subgroup according to selection criteria 
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5.3.2 CAREGIVER DAILY FUNCTIONING 
Significant improvements were observed in all four parameters regarding caregiver daily functioning. The 
largest improvement was found in the number of interrupted nights pertaining to the last four weeks due of 
OM in the child (Figure 8). 
Figure 8  Caregiver daily functioning before and after treatment 
5.3.3 PREDICTOR ANALYSIS 
Factors associated with children and caregivers experiencing minimal important change at short and long 
term follow-up included female gender, diagnosis of rAOM with or without OME, number of doctor visits, 
interrupted nights, cancelled social activities and not needing repeated surgery (Figure 9 and 10). Factors not 
associated with outcome included age of the child, demographic factors including socio-economic status, 
smoking, history of middle ear problems in siblings, use of antibiotics, use of pacifier and adjuvant 
adenoidectomy.  
Furthermore, young age was associated with needing repeated surgery whereas adjuvant adenoidectomy 
seemed to have a protective effect (Figure 11). Factors not found to be associated with repeated surgery 
included demographic factors including socio-economic status, smoking, history of middle ear problems in 
siblings, use of antibiotics, use of pacifier, caregiver daily functioning variables (number of doctor visits, 
interrupted nights, cancelled social activities and absenteeism) or baseline QoL.  
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Figure 9 - Predictors for children experiencing important change in quality of life 
Figure 10 - Predictors for caregivers experiencing important change in quality of life 
Figure 11 - Predictors for needing repeated surgery within 18 months follow-up 
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DISCUSSION6.
6.1 PART I: PSYCHOMETRIC EVALUATION STUDY
6.1.1 DISCUSSION OF FINDINGS
Translation and cross-cultural adaption. To enhance cross-cultural equivalence a thorough translation and 
cultural adaption procedure was performed according to international guidelines (62) on all included 
instruments not available in a Danish version. The process revealed several issues important to the Danish 
language and culture and we recommend these issues to be considered in cultures similar to the Danish. 
While CIQ has not previously been translated into a foreign language, the OM-6 has been translated into 
Dutch (3;6), Greek (37) and Finnish (38). However, none of these studies elaborate further on possible issues 
encountered during this process. As translation and cross-cultural adaption is undertaken to reach 
equivalence between the original and the target version, not presenting information regarding this procedure 
may severely hamper the comparability across different languages and cultures. To ensure optimal content 
validity of future translated versions we recommend that future studies emphasize this important aspect and 
elaborate on:  
• The methodology used for translation and cross-cultural adaption to enhance transparency and 
enable researchers to critically assess the validity of the procedure. 
• Present semantic issues encountered in the process as this may add to the understanding of possible 
score differences in similar populations across different cultures and may aid other researchers 
undertaking translation and cross-cultural adaption of the same instrument.  
Structural validity. We performed confirmatory factor analysis to test if the six-item scale of OM-6 and 
CIQ satisfied a one-factor structure measuring disease specific QoL in children with OM and their 
caregivers. An acceptable fit was obtained for both scales after allowing for error terms of item pairs to be 
correlated in the models.  
For the OM-6 an acceptable fit was obtained by allowing covariance between item 2 (hearing loss) and item 
3 (speech impairment). This makes sense conceptually as hearing and speech development are closely 
connected especially in this age group. However, both items had considerably lower item-total correlations 
and some issues need further discussion to explain these findings. First, the age of the patient population may 
be an issue. Feedback from respondents indicated that it was difficult for caregivers to evaluate speech 
impairment (item 3) as most of the children in this study sample are very young and still only in the early 
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stages of language development. Furthermore, the accuracy of caregivers perceptions of the child´s hearing 
(item 2) is questionable. The developers of OM-6 addressed this issue by correlating scores of item 2 
(hearing loss) with audiometric findings. They concluded that the caregiver´s perceptions of hearing for 
children were less than accurate (76). Despite the possible deficiencies of items 2 and 3 we still believe that 
they have good face validity as both cover fundamental concerns in otitis media. Lastly, one may argue if 
these findings point towards a two factor structure of OM-6 in which item 2 and 3 comprise their own factor. 
We did not explore this option further because of the brevity of the instrument and the acceptable CFA fit in 
the one-factor model including a single covariance. Also, it is generally considered that factors should have 
at least three variables (77) and that factors of only two variables are not reliable unless the variables are 
highly correlated to each other (r>0.70) and fairly uncorrelated with other variables. Although these items 
did not correlate well with the other variables, they did not correlate strongly to each other either which 
would result in an unstable factor (78). Rather than altering the current structure of OM-6 we recommend: 
• The original structure of the OM-6 is maintained. However, when using the OM-6, the researcher 
needs to acknowledge the above mentioned weaknesses of this instrument. 
• Further investigations on the factor structure of OM-6 in similar and different populations of 
children with OM.  
• Alternatively researchers should consider using an extended version of the OM-6. One extended 
version (OMO-22) is currently available and has been used in one study (40).  However, the 
developers have assumed a one factor structure of this questionnaire and we believe that our findings 
strongly support further psychometric analysis on this instrument including analysis of the factor 
structure.  
In contrast to the analysis on the OM-6, all six items of the CIQ items loaded strongly on a single factor. 
Therefore, we did not find evidence suggesting a structure consisting of more than one factor. However, in 
order to obtain an acceptable fit in CFA we had to include correlations between error terms of two item sets 
which lead us to suspect some degree of content overlap between items. Large covariance was found 
especially between items 5 (feeling nervous, agitated, or irritable) and 6 (feeling helpless or frustrated). This 
makes conceptual sense as both items are aimed at assessing emotional domains, and we believe the 
covariance can be explained by some degree of content overlap. Hence, it may be argued that one of these 
items should be omitted from the questionnaire. However, we recommend retaining both items in the 
questionnaire because omitting one of the two items covering emotional impact will leave this domain with 
very little impact on the summary score. Covariance was also found between item 3 (cancelling of family 
activities, such as trips, play dates, vacations) and item 4 (changing daily activities, such as housework, 
shopping, or time with other siblings). Although there is an obvious association between these items, this 
does not necessarily indicate content overlap. When OM in a child becomes a burden on family functioning, 
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the family is likely to experience a negative impact on aspects covered by both items. Based on our findings 
we recommend that future research will: 
• Conduct further analysis on the factor structure of CIQ in different populations of caregivers of OM 
children. 
• Consider rephrasing items 5 and 6 as distinguishing between these items may be difficult. 
Construct validity. Our results support construct validity in both instruments and this is consistent with 
findings in the literature (3-7). Direct comparisons between results are difficult due to the heterogeneity of 
methods used for assessing construct validity. 
Reproducibility. Test-retest reliability was acceptable for both instruments and similar to previously 
published results (3;4;6;7). The measurement error (SDC) corresponded to approximately one fifth of the 
scale for both instruments. Brouwer et al. presented similar results on the measurement error of OM-6 and 
the Family Functioning Questionnaire (FFQ), which CIQ was based on (6). However, the FFQ measurement 
error was slightly lower than our results on the CIQ measurement error. Different factors may explain this 
slightly poorer agreement. First, we included a more heterogeneous study sample (Brouwer et al. only 
included children diagnosed with rAOM). Second, our administration method may have added a possible 
bias as the pre-baseline questionnaires were completed on paper in the ENT clinic and most baseline 
questionnaires were completed electronically at home. Third, the differences between the test-retest scores 
may, in part, be explained by an intention to give socially desirable answers at the clinic or being more 
distracted by external factors e.g. by a crying or impatient child. Lastly, one may argue if the rather large 
measurement errors found in our study is due to study sample instability rather than scale variability. 
However, we do not believe this to be the case as our findings correspond to findings in previously published 
literature (6), ICCs were acceptable and systematic error was negligible. The magnitude of the measurement 
errors leads us to conclude that: 
• OM-6 and CIQ seem to be less suitable for longitudinal research at the individual level as change 
scores have to be large before they can be relied upon. 
• Hence, we recommend using the OM-6 and CIQ at group level as measurement error decreases with 
the square root of N (11). 
Responsiveness. We used a criterion and construct approach to test if OM-6 and CIQ were sensitive to 
measuring change and our results support the use of both instruments in longitudinal research. This is in 
agreement with other studies reporting on the responsiveness of the OM-6 (3-6). No studies have previously 
conducted analysis on the responsiveness of the CIQ. Lastly, no floor or ceiling effects were present enabling 
bidirectional change scores.  
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Minimal important change (interpretability). To assess interpretability of the OM-6 and CIQ we included 
a GPE-scale as an external anchor at one month follow-up. This allowed identification of change values 
corresponding to a minimal important change as perceived by the respondents. However, in order to 
meaningfully interpret the importance of change scores the MIC was linked to the measurement error (SDC). 
The MIC was within measurement error (SDC) in both instruments supporting the notion that the 
instruments are less suitable for research at the individual level which is in concordance with conclusions 
drawn by other researchers (6). However, our analysis showed that the MIC will be beyond measurement 
error even in very small studies, and our results lead to the following recommendations: 
• Change scores of 16.7 on the OM-6 and 13.8 on the CIQ are proposed to represent minimal 
important change as perceived by the respondents. 
• MIC will be outside measurement error (SDC) even in studies of three or more participants. This 
implies that future studies may perform regular sample size calculations without considering 
measurement error. 
6.1.2 DISCUSSION OF METHODOLOGY
TRANSLATION AND CROSS-CULTURAL ADAPTION
In order to achieve equivalence between the translated and the original versions of the measurement 
instruments we considered issues related to semantic, idiomatic, experiential and conceptual equivalence. 
Furthermore, our findings of strong correlations between scores of the OM-6 and CIQ and the Danish 
language versions of well-established instruments as the SF-36 and CHQ-PF50 support cross-cultural 
construct validity of OM-6 and CIQ. However, we cannot rule out cross-cultural differences in parents 
perceptions of item content. To shed more light on this aspect we recommend future analyses to include e.g. 
correlation analysis between datasets of similar populations across different cultures or assessment of 
measurement invariance in similar populations across different cultures (12;79).  
STRUCTURAL VALIDITY
One may argue that we could have chosen an exploratory approach rather than a confirmatory approach in 
our investigations on the factor structure of the OM-6 and the CIQ as these investigations had not previously 
been conducted. We chose the latter approach as we did not aim at making structural changes to the 
instruments. This was beyond the scope of this study. Instead we wanted to investigate the already 
hypothesized one-factor structure of the instruments and highlight possible limitations or weaknesses of this 
hypothesized structure. This is most adequately done using a confirmatory approach (80;81).   
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RESPONSIVENESS
For analysis of the sensitivity to measure change of OM-6 and CIQ, we used an approach in which we 
looked at responsiveness as an aspect of validity in a longitudinal context (11-13;82;83). Therefore, we 
assessed the validity of change scores using a criterion and construct approach. Our study is the first to assess 
the responsiveness of CIQ, while four studies have previously assessed the responsiveness of OM-6 (3-6). 
Three studies (3-5) present standardized response means (SRM) above 1.0 and conclude that OM-6 is 
responsive to change (66;84). The last study (6) concluded that OM-6 was responsive to change using 
Guyatts Responsiveness statistic (GRS) and statistical significance of differences between scores (Students 
t-test) at the different time points. We did not apply any of these methods for several reasons. Both the SRM 
and GRS are variations of effect size (ES) and therefore highly dependent on the standard deviation while 
Students t-test is dependent on sample size. As a result these parameters are likely to increase with sample 
homogeneity (GRS), small effects of treatment (SRM) and large sample size (Students t-test). Furthermore, 
neither SRM, GRS nor statistical significance give indications regarding the relevance of change scores in 
relation to the measured construct (12;71). In other words, they do not provide information regarding the 
validity of change scores (12;85). 
INTERPRETABILITY 
We used an anchor based distribution method for the assessment of the MIC. Two other studies have 
commented on the interpretability of change scores on the OM-6. In the original article on OM-6, Rosenfeld 
et al. proposed guidelines adopted from a study on asthma patients (4;51). We advise against using such 
guidelines developed on other patient populations as there is no scientific basis for concluding that a relevant 
change score in one patient group is also relevant in another patient group. However, we did find that the 
MIC computed in our study corresponded largely to a moderate change according to these guidelines. 
Brouwer et al. presented results on minimally clinical important difference (MCID) by applying 
distribution and anchor-based methods (6). For the distribution based methods, MCID was calculated using 
effect sizes (ES) and standard error of measurement (SEM) as benchmarks. ES and SEM are both statistical 
parameters linked to the measurement variance (error) and therefore refer more to the SDC than the MIC 
(12;86). This is also supported by the fact that both estimates correspond well with the SEM of our study. 
For the anchor-based methods calculations of MCID was based on anchors reflecting important differences 
perceived by clinicians rather than patients/respondents. Hence, results of our study are not directly 
comparable with those presented by Brouwer et al. as we wanted to investigate important change as 
perceived by the patients. The clinical picture of rAOM and OME may be very different among patients and 
severity of symptoms may also vary greatly between episodes. Thus, discrepancies between what clinicians 
and respondents perceive as important change probably exist. In order to specifically investigate the impact 
of rAOM and OME on these children and their families, we believe it is important to include patient-reported 
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anchor questions aimed directly at this issue by for example applying a GPE-scale. This point of view is 
supported by evidence that patients provide valuable and reliable evaluation of their own QoL that is better 
than that of their clinicians (87). Based on these considerations we recommend that: 
• Quality of life is a patient/respondent reported outcome. Hence, investigations on the interpretability 
are most adequately done by including anchors aimed at assessing change as perceived by 
respondents and not clinicians. 
• Distribution-based methods for determining MIC do not provide information regarding importance 
of change. Hence, these methods are only recommended as a supplement to anchor-based methods. 
We chose a GPE-scale as a longitudinal anchor for the analysis of assessment of MIC. However, the quality 
of GPE-scales have been widely discussed as they tend to correlate stronger to the most recent scores rather 
than the baseline scores (recall bias) (86;88;89). Our analysis revealed the same issues. The GPE score 
correlated stronger with follow-up scores than baseline scores indicating that scores on the GPE scale were 
strongly influenced by the current status (results not presented). However, the GPE score correlated strongest 
to the change scores of OM-6 and CIQ which we believe support the use of this instrument. Furthermore, our 
analyses are weakened by the fact that we did not assess the psychometric properties of the GPE scale 
beyond correlations to baseline, follow-up and change scores. Lastly, using only one approach to investigate 
the MIC may be seen as an additional limitation of our study. Optimally we should have applied a range of 
anchor instruments and compared the obtained MICs in order to identify a single MIC value (12;85). These 
thoughts lead to further recommendations regarding MIC: 
• The MICs presented in this study should only be regarded as an indication to what the caregivers 
perceive as important change and we strongly recommend further research on the interpretability of 
these measurement instruments.  
• Future studies on the interpretability of these measurement instruments should optimally be based on 
investigations using more than one anchor. 
• Lastly, it is important to acknowledge that the MIC is not a fixed property of a measurement 
instrument. It may vary considerably according to population and context. 
STUDY POPULATION
The study population consisted of children scheduled for VT and their caregivers and disease severity may to 
some extent limit generalizability. Floor effect may be present in a population of less disease severity. 
Furthermore, the children in our study sample had a median age younger than 2 years which is younger 
compared to other studies (5;36;37;90;91). Language and cognitive development is limited at this age which 
may negatively influence parent reporting especially on the emotional domain. Some issues need mentioning 
in relation to this: 
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• Researchers must bear in mind that the psychometric properties are related to the data obtained by a 
measurement instrument and not the measurement instrument itself. 
• Consequently, basic investigations on the psychometric properties are highly recommended if these 
instruments are used on populations of OM children and their caregivers not similar to ours. 
6.2 PART II: PROSPECTIVE OUTCOMES STUDY
6.2.1 DISCUSSION OF FINDINGS
QUALITY OF LIFE
Baseline scores indicated that OM in children scheduled for VT may have considerable impact not only on 
child QoL but also on caregiver QoL. Our findings are consistent with previously published studies with 
similar study samples (5;7;35;36). Furthermore, our results showed that OM affected the emotional domain 
of caregiver QoL considerably, which is supported by our own and three other studies on child QoL that 
included an item on caregiver concerns. This was the domain of greatest impact and the one showing the 
largest improvement (35;36;40). These findings lead to some general considerations: 
• We strongly recommend future studies on clinical or objective parameters such as hearing loss, 
recurrence frequency, language development etc. in relation to VT to include QoL assessment. Our 
results show that OM may impair QoL of both children and caregivers considerably and including 
this aspect in studies will enhance the quality of the research. 
• Furthermore, our findings support the importance of assessing caregiver functioning and QoL in 
order to fully understand the burden of OM.    
A diagnosis of rAOM was linked to poorer baseline QoL, and our results show that the presence of rAOM 
determined disease severity as there were no statistically significant difference in QoL between the 
subgroups diagnosed with rAOM versus a mixed diagnosis of rAOM and OME. Children in the +rAOM 
subgroup scored significantly worse on domains related to the acute consequences of OM (physical 
suffering, activity limitations and emotional distress).  In contrast, a worse score on domains related to the 
long-term consequences of OM (hearing loss and speech impairment) was seen in the rAOM group. 
Although the latter was not statistically significant this trend makes clinical sense and similar findings were 
presented by Timmerman et al. in a study on 77 children with OME scheduled for VT (3). Furthermore, 
experiencing episodes of rAOM was a strong predictor for clinical success and nearly 80% of children with 
+rAOM had experienced important improvements in QoL at one month follow-up. In comparison slightly 
more than 60% of children in the rAOM had experienced important improvements at one month follow-up. 
These findings show that important aspects need to be considered when handling these children: 
DISCUSSION
45 
• Our results highlight the importance of researchers and clinicians distinguishing between the 
diagnostic subgroups of children diagnosed with OM.
• Clinicians need to be aware of less obvious effects of OM, such as impaired QoL, especially in 
children in the +rAOM group. 
• Furthermore, even though children with only rAOM do not present with chronic problems, they 
seem to suffer just as much on subjective parameters as children with a mixed diagnosis of rAOM 
and OME.  
These considerations are supported by our subgroup analysis on caregiver QoL. Caregivers in the +rAOM 
group had significantly lower baseline QoL and nearly 80% experienced important improvements at one 
month follow-up. In contrast, only approximately 50% of caregivers in the AOM (only OME) group 
experienced important improvements. Different factors may explain these findings. Children with rAOM 
scheduled for VT are often younger than those scheduled because of OME. Furthermore, these children often 
suffer from high fever, ear ache and lowered activity level during AOM episodes. These factors are likely to 
affect caregivers more than e.g. hearing loss, speech impairment or poor balance in a child with OME. The 
above findings highlight further important considerations: 
• Many caregivers are most likely not aware of the considerable clinical differences between the 
diagnostic subgroups. Moreover, we believe it to be likely that if their child is diagnosed with 
chronic OM, they will associate the diagnosis with having symptoms of AOM which may lead to 
parental pressure to have the child treated as quickly as possible. 
• Consequently, our results point out the importance of educating caregivers on the subgroup 
differences when their child is diagnosed with chronic OM. 
• Results of this study may help clinicians facing parental pressure to have VT in OME-children that 
do not present with clear cut surgical indications.  
The natural history of OM is favorable and spontaneous resolution will occur eventually in most cases (48). 
Therefore, QoL in many of these children is likely to improve over time independently of tube insertion. As 
an attempt to distinguish QoL changes related to VT from the natural history of the disease we measured 
QoL twice before treatment. The time interval between these measurements was at the discretion of the ENT 
specialist and was determined mostly by the waiting list in the individual clinics but to less extend also by 
disease severity. Valid change scores were obtained from a subsample (15%) with no significant differences 
in baseline QoL scores compared to the remaining study sample. Mean waiting time before surgery was 31 
days. Therefore, as answers are given based on a four week recall period, we were able to gather information 
on child and caregiver QoL pertaining to approximately two months before surgery. Mean change in this 
period was insignificant and close to zero. Only 14% experienced important improvements before surgery. In 
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contrast, 63% had experienced important improvements after surgery. These findings suggest that, at least in 
the short term, QoL is likely to improve after VT. Similar findings have been reported by Rosenfeld et al. 
who found that 12% experienced large improvements before treatment whereas 50% experienced large 
improvements after treatment (35). In contrast to our findings, results of two randomized trials including 
children with rAOM (38) and OME (41), respectively suggest that the changes in child QoL are related to the 
natural history rather than treatment. Both studies allocate children to treatment versus no treatment. Both 
studies find considerable improvements in quality of life at 12 month follow-up. Although the treated group 
improves more than the non-treated group there is no statistically significant difference between the groups. 
However, we believe that different factors hamper the comparability between these studies and our study. 
None of the two studies included children consecutively. They include 49% and 73% of eligible children and 
unfortunately none of the studies obtain information on baseline QoL of children who did not participate 
(41;49). Naturally one may speculate if caregivers of the most severely affected children are the ones who 
refused participation which may decrease the generalizability considerably. The study that includes rAOM 
children measures QoL using the OM-6 and these children seem to score considerably better on all items 
compared to the rAOM children included in our study which support this notion (38). Furthermore, around 
10% of children allocated to the non-treated groups received VT (41;49). It is likely that these children had 
lower QoL compared to the remaining children in their allocation group. Consequently, as both studies 
correctly applied the intention to treat analysis, scores of these children have decreased the overall QoL score 
of the group allocated to no treatment. Although the comparability between these studies and our study is 
low we believe that this discussion underlines that: 
• Many children with OM are likely to experience important improvements in QoL regardless of 
treatment. Hence, from a QoL perspective clinicians should focus on treating the most severely 
affected children. 
• Therefore, an appropriate watchful waiting period is important in order to respect the natural history 
of OM. 
 In addition to measuring QoL at one month follow-up, we also included measurements after 3, 6, 12 and 18 
months follow-up. We saw a gradual change in QoL scores with further improvements at three months 
follow-up after which QoL scores stabilized. The further improvement is most likely explained by gradual 
changes in the child e.g. improvements in sleeping pattern, less episodes of pain and fever, changes in 
behavior, improvements in language and learning skills etc. in combination with the natural history of the 
disease and the natural achievement of skills over time in young children.  
We included long-term measurements after 12 and 18 months follow-up to see if QoL would be stable or 
perhaps decrease as a result of subsequent adverse events or tube-related complications such as recurrent 
otorrhoea, tube clotting, premature tube extrusion etc. Complications are rare (92) and our findings do not 
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lead us to suspect significant complications in our study sample. Furthermore, our results on repeated surgery 
indicated that tubes had extruded after a mean of nine months which is in concordance with the literature 
(93;94). However, we did see a repeated surgery frequency of 30% which is above the frequency reported in 
other studies (95;96). This is likely explained by younger age of our study sample compared to the study 
samples included in these studies.  Prevalence of OM peaks from the age of 6 to 36 months after which it 
declines. Consequently, the risk of disease recurrence is likely to decrease with child age and this notion is 
supported by our regression analysis. We found that young age was associated with a higher risk of repeated 
surgery which is in concordance with findings by Boston et al. in a retrospective study on more than 2000 
children with rAOM and OME (95). As expected, we found that children needing repeated surgery because 
of disease recurrence had less chance of experiencing important change in QoL at 12 months follow-up. 
However, we did not find baseline QoL to be a predictor for repeated surgery, which indicates that disease 
severity is not linked to the risk of repeated surgery. Adjuvant adenoidectomy at initial VT seemed to have a 
protective effect which is in concordance with findings in the study by Boston et al. (95). Children having 
adjuvant adenoidectomy at baseline were significantly older than those who did not have adjuvant 
adenoidectomy which to some extend may explain its protective effect. However, performing adenoidectomy 
requires a more complicated anesthetic setup using laryngeal mask compared to children undergoing VT 
alone which can be done in mild anesthesia without any form of  airway insertion.  Therefore, most private 
clinics refrain from performing adenoidectomy in children that are very young. 
CAREGIVER DAILY FUNCTIONING
Investigations on caregiver daily functioning were included as an attempt to obtain a more complete 
understanding of the burden of OM and the effects of VT. In order to do so, we included factors related to 
not only the economic impact of VT, but also factors related to the social impact of VT.  
Mean number of days absent from work or education was 2.4 in the four weeks prior to treatment which 
decreased by more than two thirds after treatment. In comparison, caregivers of children with uncontrolled 
asthma reported a mean of 1.9 days absenteeism over a six month period in a study by Dean et al. (97). 
Furthermore, the mean number of doctor visits decreased by almost 75% after treatment. Mui et al. presented 
similar findings at one year follow-up in a retrospective study on the effectiveness of VT (43). These results 
give rise to different considerations: 
• VT may have a considerable positive impact on socio-economic parameters and not only the 
economy of the individual families.  
• However, it also shows that caregiver QoL in relation to OM seems to be influenced by more than 
just the disease in the child. Secondary effects such as negative consequences of absenteeism (e.g. 
stress and insecurity) are likely to also contribute considerably.  
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OM in the child was also found to cause interrupted sleep in many of the caregivers. Caregivers experienced 
a mean of nearly thirteen interrupted nights during the four weeks prior to intervention. In a study on healthy 
adults between the ages of 21 and 38 Van Dongen et al. found that 14 days of chronic restriction of sleep to 
six hours or less per night produced performance deficits equivalent to up to two nights of total sleep 
deprivation (98). Our results suggest that 35% of caregivers experienced twenty or more interrupted nights 
and more than 20% experienced interruptions every night during the last four weeks prior to treatment.  
• This indicates that OM has the potential to severely affect sleep quality not only in the child, but also 
in caregivers.  
• This in turn can lead to decreased cognitive performance even in caregivers loosing just a couple of 
hours of sleep every night. 
• Consequently, it may also be hypothesized that caregivers of OM children may experience 
considerable reduction in work efficiency and have less energy to participate in social life. In support 
of the latter our results also indicated some degree of social withdrawal due to OM.  
Lastly, one may argue that many caregivers of small children experience nightly interruptions regardless of 
the presence of OM in the child. However, nightly interruptions had decreased by almost 75% at one month 
follow-up which we believe supports the notion that nightly interruptions experienced by these caregivers 
were due to OM in the child. This may explain why having ten or more interrupted nights before treatment 
was found to be the best predictor for caregivers experiencing important change in QoL after treatment.  
• Our results on caregiver functioning in relation to VT emphasizes the possible burden of less 
obvious secondary socio-economic aspects related to OM and we strongly recommend studies that 
more thoroughly investigate this aspects. 
PREDICTORS FOR CLINICAL SUCCESS
In order to investigate predictors for clinical success, we included a wide range of variables in regression 
analysis. Two different approaches were undertaken. First, we investigated predictors for experiencing
important change in QoL at one and 12 months follow-up. Second, we also investigated factors associated 
with children needing repeated surgery. Different variables were found to be associated with clinical success 
and most have been discussed previously in this section. However, some additional findings are important to 
discuss. 
Male gender of the child was associated with less favorable QoL outcome in caregivers. There was no 
significant difference in baseline scores between caregivers of male versus female children (results not 
presented). However, male gender is a known risk factor of not only otitis media, but also recurrence 
frequency of both rAOM and OME (99). Hence, male gender may be linked to a prolonged pathological 
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picture. Although tubes are in place and functional boys may be more likely to experience episodes of fever, 
pain and/or otorrhoea which in turn might affect caregiver QoL. 
Factors related to disease severity were found to predict clinical success, and this is in concordance with 
other studies. Rosenfeld et al. showed that otitis prone children had favorable outcomes (35) and Witsell et 
al. found a low QoL baseline score and a greater number of ear infections at baseline was associated with 
success (5). In the latter study higher parent educational level and working parents were also found to be 
associated with better chance of success. We included a number of demographic variables, but none of these 
were significantly associated with clinical success in the multivariate regression analyses. Furthermore, 
although adenoidectomy has been associated with favorable objective outcomes such as quicker resolution, 
hearing improvements, lower recurrence frequency and a decreased need for repeated surgery (23;27;95), we 
did not find adjuvant adenoidectomy at initial VT to be associated with experiencing important 
improvements in QoL. 
6.2.2 DISCUSSION OF METHODOLOGY
CAREGIVER DAILY FUNCTIONING DATA
Some issues needs mentioning in relation to the strength of our data on caregiver daily functioning. First, 
data was self-reported and not obtained from national statistics registries. One may argue that inclusion of 
registry data would enhance the validity. However, self-reporting is necessary in understanding the specific 
impact of OM on these variables. Second, detailed assessment on each variable was beyond the scope of this 
study. For example we did not assess the severity of sleep deprivation in these caregivers beyond an account 
of the number of interrupted nights because of OM. A more detailed assessment should include number of 
times sleep was interrupted during the night and duration of sleep. Third, we did not collect data on caregiver 
daily functioning beyond one month follow-up. These variables correlated significantly to caregiver QoL and 
were shown to predict the experience of important change after treatment. Because QoL improved further at 
three month follow-up before stabilizing, we have no reason to suspect significant negative changes in these 
variables beyond one month follow-up. However, we of course cannot be certain of this. Therefore, we 
recommend: 
• More research focusing on the socio-economic aspect of OM and effects of treatments on this aspect. 
• These studies should include cost-benefit analysis preferably based on data from national statistics 
registries in combination with self-reported data. 
STUDY DESIGN
The level of evidence offered by observational research is inferior to that of randomized controlled trials. 
Although we observed QoL improvements after VT, we cannot state for certain that all benefits were due to 
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VT. However, we were able to include a large cohort of severely affected children from different diagnostic 
subgroups of OM which adds considerably to the generalizability of our results. This would probably be 
difficult in a controlled trial which may also explain why the existing three randomized controlled trials 
conducted on this subject all include subgroups of either OME children or rAOM children seemingly with 
considerably less disease severity (37;38;41). Furthermore, we included two measurements before treatment, 
and found no change in a subsample of children and caregivers that did not differ significantly from the rest 
of the study sample. We fully acknowledge the fact that this does not have the same scientific strength as 
including a true control group. However, we believe that it further supports the notion that VT was the 
primary reason for the QoL improvements. In addition, we believe our study is strengthened by high 
response rates, even at long-term follow-up. 
• We strongly recommend more high quality research on the effects of VT preferably including 
randomization of patients.  
• However, if patients are randomized it is important to focus on maintaining generalizability. 
BIASES RELATED TO SURVEY RESPONSES
Different cognitive biases related to survey responses also needs to be considered in the clinical 
interpretation. It would be natural to assume the presence of response bias to some degree. First, participation 
in the study may have led caregivers to be more alert on issues related to their own QoL and the QoL of their 
child. Second, caregivers may wish to give answers they think the researcher wants or to justify having a 
child undergo surgery.  These considerations may lead parents to overestimate the negative effect of OM on 
child QoL. However, we believe that response-shift bias is just as likely to be present. Timmerman et al. 
found that caregivers tended to overestimate child QoL before VT (3). The underlying assumption is that 
caregivers want to feel positive about themselves and the child even in the presence of symptoms. Caregivers 
may also have undergone a gradual adaption to the condition and only realize the severity of the pre-
operative condition after treatment. This will result in underestimation of change scores.  
Due to the age range of the included children, caregivers were used as proxies when completing the 
questionnaires. This will induce the risk of proxy bias and the ability of caregivers to rate their childs QoL 
adequately has been widely discussed (100;101). In concordance with Boruk et al. (7) we also found a 
correlation between caregivers proxy ratings on OM-6 and ratings of their own QoL on CIQ. However, we 
only partially agree with Boruk et al. when they argue that these results show that caregivers proxy ratings 
were highly influenced by their own QoL. Although an association seems present, it does not give 
information on the causal direction of the association and it is just as likely that the childs QoL actually have 
high influence on the caregivers QoL. Two reviews have investigated the agreement between caregivers 
proxy-reports and childrens self-reports on QoL. Bothe reviews found that there may be discrepancies 
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between these reports. Eiser and Morse found some support that caregivers are more able to rate their childs 
QoL in terms of physical rather than emotional domains (101). However,  Upton et al. did not find evidence 
of this (100). Furthermore, there seems to be no clear indication of the direction of differences in child and 
caregivers reports (100;101). We believe that there is a bidirectional relationship between child and caregiver 
QoL and that caution should be taken when relying on proxy-reports on child well-being and QoL: 
• In a condition such as severe OM with a high prevalence of caregiver concern and impaired QoL, 
one can question to what extent this concern has influenced their proxy rating of the childs QoL. 
• Therefore, future studies on child QoL should also include assessment of caregiver QoL. 
• We recommend future studies investigating the agreement between caregiver proxy-ratings and child 
self-ratings on the OM-6 in children capable of doing so.  
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CONCLUSIONS7.
7.1 PART I: PSYCHOMETRIC EVALUATION STUDY
The Danish versions of OM-6 and CIQ were found to be valid and reproducible measures of disease specific 
QoL in the current setting. Both measures were proven to be sensitive enough to measure change which 
makes them applicable in longitudinal research. Furthermore, change values representing respondent 
perceived minimal important change are proposed which adds to the interpretability of scores obtained when 
using these measures. These scores fall within measurement error at the individual level implying that OM-6 
and CIQ are not suitable for individual patient evaluation. However, these scores are outside measurement 
error at group level implying that the OM-6 and CIQ are accurate instruments to measure clinically 
important changes in clinical trials. Although findings of this study highlight possible limitations of the 
instruments we support their continuing use in otitis media research. 
7.2 PART II: PROSPECTIVE OUTCOMES STUDY
Results of these studies support the notion that quality of life of both child and caregiver may improve 
considerably after ventilating tube treatment. Also, a diagnosis of rAOM with or without OME was found to 
predict disease severity, and these children and their caregivers presented with significantly worse baseline 
quality of life compared to children diagnosed with only OME. Furthermore, we also found significant 
improvements on all variables related to caregiver daily functioning. Predictors for experiencing important 
improvements in child and caregiver quality of life included a diagnosis of rAOM, female gender of the 
child, number of interrupted nights, doctor visits, absenteeism, cancelled social activities and not needing 
repeated surgery.   
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PERSPECTIVES8.
8.1 PART I: PSYCHOMETRIC EVALUATION STUDY
Clinimetrics as a research area is rapidly evolving and researchers are constantly developing new methods to 
enhance the quality of investigations on the psychometric properties of patient reported outcomes 
instruments. At the same time it seems that more and more clinical researchers are acknowledging the 
importance of these investigations. We conducted a thorough investigation on the psychometric properties of 
OM-6 and CIQ using an array of well-established methods as well as some recently developed methods. Our 
research process has fostered considerations and recommendations for future evaluation of these instruments:   
• The process of translation and cross-cultural adaption is very important to the comparability of 
results across different cultures and languages, and we recommend that future research will focus 
more on this aspect. 
• Results of our outcomes study points out the necessity of distinguishing between diagnostic 
subgroups of OM children. Future research should include psychometric testing on the individual 
diagnostic subgroups as these instruments are likely to perform differently. 
• Furthermore, it may also be considered if subgroup specific instruments should be developed. 
• We included a group of children with considerable disease severity and we recommend 
psychometric testing of these instruments in study samples that include children of less disease 
severity. 
• The factor structure of these instruments has not previously been investigated. We conducted CFA 
on both instruments and based on our analysis we have pointed out different potential weaknesses of 
both instruments. We recommend further research on this aspect. 
• Our study is the first to propose change values related to respondent perceived minimal important 
change. We applied only one method for determining the MIC and we strongly recommend more 
research on this area. Future studies should consider using more than one anchor and should include 
analysis on diagnostic subgroups as well as subgroups divided on disease severity.  
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8.2 PART II: PROSPECTIVE OUTCOMES STUDY
We conducted a prospective observational outcomes study on children scheduled for VT and their 
caregivers. We included QoL as a primary outcome but also included investigations on caregiver daily 
functioning and the role of repeated surgery. Based on the investigations included in our work, we have the 
following recommendations for future research: 
• We strongly recommend future studies on clinical or objective parameters such as hearing loss, 
recurrence frequency, language development etc. in relation to VT to include QoL assessment. 
• Furthermore, our findings support the importance of assessing caregiver functioning and quality of 
life in order to fully understand the burden of OM.    
• Our results highlight the importance of researchers and clinicians distinguishing between the 
diagnostic subgroups of children diagnosed with OM.
• More research focusing on the socio-economic aspect of OM and treatments of OM. These studies 
should include cost-benefit analysis preferably based on data from national statistics registries in 
combination with self-reported data. 
• We strongly recommend more high quality research on the effects of VT preferably including 
randomization of patients. However, if patients are randomized it is important to focus on 
minimizing self-selection bias and thereby maintaining generalizability. 
• We recommend that future studies include child self-reports on QoL in order to further investigate 
the relationship between caregiver QoL and caregivers proxy-reports on child QoL.  
• Lastly, the question remains whether or not QoL as an outcome has a place in future revisions of 
guidelines on VT. And if so, how do we determine how much emphasis should be put on this 
subjective parameter compared to well established objective parameters such as hearing, language 
and speech, recurrence frequency etc.  
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SUMMARY IN ENGLISH9.
BACKGROUND
Otitis media (OM) is the most frequent cause for doctor consultations in pre-school children and ventilating 
tube treatment (VT) for children with chronic otitis media with effusion (OME) and recurrent acute otitis 
media (rAOM) has become the most frequent pediatric surgical procedure in the Western world. Severe OM 
may resemble a chronic disease, at least for a short period and has the potential to affect both child and 
caregiver quality of life (QoL). However, the scientific literature on subjective outcomes such as QoL in 
relation to VT is limited, especially concerning caregiver QoL.  
The disease specific Otitis Media-6 (OM-6) questionnaire is the most frequently used measure of QoL in 
children with OM. A few studies have assessed the psychometric properties of the OM-6. However, reports 
are limited on important aspects such the factor structure, smallest detectable change and respondent 
perceived minimal important change. The Caregiver Impact Questionnaire (CIQ) is a recently developed 
measure of caregiver QoL in relation to OM and has not yet been applied in longitudinal research. 
Assessment of the psychometric properties of this instrument is limited to one study and several important 
aspects of the psychometric qualities, such as factor structure, responsiveness, smallest detectable change 
and minimal important change has yet to be assessed.      
OBJECTIVES
The overall objectives were 1) to translate and thoroughly assess the psychometric properties of the OM-6 
and CIQ and 2) to assess QoL in children and caregivers before and after VT. 
METHODS
Psychometric evaluation study. An extensive cross-cultural adaption and validation of the OM-6 and CIQ 
were carried out on children scheduled for VT and their caregivers. The psychometric properties assessed 
were structural validity (confirmatory factor analysis), construct validity, internal consistency, 
reproducibility (test-retest reliability and agreement) and sensitivity to measuring change (responsiveness). 
Lastly, investigations regarding respondent perceived minimal important change were conducted. 
Prospective outcomes study. Children scheduled for VT and their caregivers were enrolled consecutively in 
a prospective observational study from private ENT clinics on Funen, Denmark. Focus was placed on QoL 
differences between diagnostic subgroups and caregiver QoL and daily functioning. QoL was assessed prior 
to treatment and at 1, 3, 6, 12 and 18 months follow-up. Variables on caregiver daily functioning included 
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number of doctor visits, interrupted nights, absenteeism and cancelled social activities due to OM in the 
child. Furthermore, investigations were conducted in order to identify possible predictors of clinical success. 
RESULTS
Psychometric evaluation study. Analyses were based on data from 435 participating families. The 
hypothesized 1-factor structure was confirmed for both measurement instruments. Internal consistency was 
acceptable. Test-retest reliability was acceptable and smallest detectable change corresponded to 
approximately one fifth of the scale range at the individual level for both measures. A change score of 16.7 
and 13.8 was found to represent minimal important change on the OM-6 and CIQ, respectively. This was 
within measurement error at the individual level. However, even in very small studies the minimal important 
change will be beyond measurement error at group level.  
Prospective outcomes study. Data analysis was based on data from 491 families. Response rates ranged 
from 96% at baseline to 80% at 18 months follow-up. Considerable improvements in both child and 
caregiver QoL were observed in relation to VT. A diagnosis of rAOM was found to determine the baseline 
QoL, as there were no significant differences between children diagnosed with only rAOM and children 
diagnosed witth rAOM and OME. This also applied to the caregivers. These children and their caregivers 
reported significantly poorer QoL at baseline compared to children diagnosed with only OME and their 
caregivers. Improvements were observed in all variables on caregiver daily functioning with number of 
interrupted nights showing the greatest improvement. Factors associated with clinical success included male 
gender, a diagnosis of rAOM, number of interrupted nights, doctor visits, cancelled social activities and 
absence from work or education due to OM.  
CONCLUSIONS
Psychometric evaluation study. The Danish versions of OM-6 and CIQ were found to be valid and 
reproducible measures of disease specific QoL in the current setting. Both measures were proven to be 
sensitive enough to measure change which makes them applicable in longitudinal research. Furthermore, 
change values representing respondent perceived minimal important change are proposed which adds to the 
interpretability of scores obtained when using these measures. These scores are outside measurement error at 
group level implying that the OM-6 and CIQ are accurate instruments to measure clinically important 
changes in clinical trials. Although findings of this study highlight possible limitations of the instruments we 
support their continuing use in otitis media research. 
Prospective outcomes study. Results support the notion that quality of life of both child and caregiver may 
improve considerably after ventilating tube treatment. Also, a diagnosis of rAOM with or without OME was 
found to predict disease severity, and these children and their caregivers presented with significantly worse 
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baseline quality of life compared to children diagnosed with only OME. Furthermore, we also found 
significant improvements on all variables related to caregiver daily functioning. Predictors for experiencing 
important improvements in child and caregiver quality of life included a diagnosis of rAOM, female gender 
of the child, number of interrupted nights, doctor visits, absenteeism and cancelled social activities. 
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SUMMARY IN DANISH (DANSK RESUMÉ)10.
BAGGRUND
Otitis media er den hyppigste årsag til lægebesøg for børn i førskolealderen og anlæggelse af 
trommehindedræn hos børn med kronisk otitis media med effusion (OME) og recidiverende akut otitis media 
(rAOM) er blevet det hyppigste kirurgiske indgreb udført på børn. Otitis media kan efterligne en kronisk 
sygdom for en kort periode og kan derfor potentielt påvirke livskvaliteten hos både barn og forældre. Til 
trods for dette, er den videnskabelige litteratur omhandlende livskvalitet og drænbehandling begrænset, 
specielt med hensyn til forældrenes livskvalitet. 
Det sygdomsspecifikke spørgeskema Otitis Media-6 (OM-6) er det hyppigst anvendte instrument til måling 
af livskvalitet hos børn med otitis media. Enkelte studier har undersøgt de psykometriske egenskaber af OM-
6, men vigtige aspekter som faktorstruktur, mindste målelige ændring (målefejl) og mindste vigtige ændring 
(fortolkning) set fra respondents side er endnu ikke undersøgt. Caregiver Impact Questionnaire (CIQ) er et 
nyligt udviklet spørgeskema til måling af forældres livskvalitet i forbindelse med otitis media. Undersøgelser 
af de psykometriske egenskaber for dette spørgeskema er begrænset til et studie og adskillige vigtige 
aspekter som faktorstruktur, responsivitet (evne til at måle ændringer), målefejl og fortolkning er endnu ikke 
undersøgt.  
FORMÅL
De overordnede formål var 1) at oversætte og undersøge de psykometriske egenskaber af OM-6 og CIQ og 
2) at måle livskvalitet hos barn og forældre før og efter drænbehandling. 
METHODS
Instrumenternes psykometriske egenskaber. Oversættelse blev gjort i overensstemmelse med 
internationale guidelines. Undersøgelser af de psykometriske egenskaber blev gennemført ved hjælp af data 
fra børn planlagt til drænbehandling og deres forældre. Følgende psykometriske egenskaber blev undersøgt: 
strukturel validitet (konfirmatorisk faktor analyse), begrebsvaliditet og intern konsistens, repoducerbarhed 
(test-retest reliabilitet og mindst målelige ændring) og responsivitet. Derudover, blev fortolkningen 
undersøgt i form af den mindste vigtige ændring set fra respondentens side. 
Prospektivt outcome-studie. Børn planlagt til drænbehandling og deres forældre blev inkluderet 
konsekutivt fra ØNH-klinikker på Fyn, Danmark. Fokus blev lagt på livskvalitetsforskelle mellem 
diagnostiske undergrupper samt forældrenes livskvalitet og daglige funktion. Livskvalitet blev undersøgt før 
drænbehandling og ved follow-up efter 1, 3, 6, 12 og 18 måneder. Forældrenes daglige funktion blev 
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undersøgt ved antal lægebesøg, afbrudte nætter, fravær fra arbejde/uddannelse og aflyste sociale aktiviteter 
på grund af otitis media hos barnet. Potentielle prædiktorer for klinisk succes blev identificeret ved hjælp af 
regressionsanalyse. 
RESULTATER
Instrumenternes psykometriske egenskaber. Data fra 435 familier indgik i disse analyser. Hypotesen om 
en 1-faktorstruktur blev bekræftet for begge spørgeskemaer. Der blev fundet acceptabel intern konsistens. 
Test-retest reliabilitet var acceptabel og mindste målelige ændring svarede til cirka en femtedel af skalaen på 
individniveau. En ændringsscore på 16.7 og 13.8 for henholdsvis OM-6 og CIQ repræsenterede mindste 
vigtige ændring set fra respondentens side. Dette var indenfor målefejlen på individniveau, men selv i meget 
små studier vil disse ændringsscorer ligge udenfor målefejlen på gruppeniveau. 
Prospektivt outcome-studie. Data fra 491 familier indgik i analyserne. Responsrater: 96% ved baseline til 
80% ved 18 måneders follow-up. Der blev observeret betydelige forbedringer i både barnets og forældrenes 
livskvalitet i forbindelse med drænbehandling. Det at have rAOM så ud til at bestemme baseline livskvalitet, 
da der ikke var signifikant forskel mellem børn diagnosticeret med kun rAOM sammenlignet med børn 
diagnosticeret med rAOM og OME. Dette gjaldt også for forældrenes livskvalitet. Disse børn og deres 
forældre rapporterede en signifikant værre baseline livskvalitet sammenlignet med børn diagnosticeret med 
kun OME og deres forældre. Mulige prædiktorer for klinisk succes inkluderede barnets køn, det at være 
diagnosticeret med rAOM, antal nætter med afbrudt søvn, lægebesøg, aflyste sociale aktiviteter og fravær fra 
arbejde eller uddannelse på grund af OM hos barnet.  
KONKLUSIONER
Instrumenternes psykometriske egenskaber. De danske versioner af OM-6 og CIQ er valide og 
reproducerbare instrumenter til måling af livskvalitet hos børn der skal have trommehindedræn og deres 
forældre. Begge instrumenter havde god responsivitet hvorfor de kan anvendes i longitudinel forskning. 
Derudover foreslås ændringsværdier der repræsenterer mindste vigtige ændringsscore set respondentens side. 
Disse værdier er udenfor målefejlen på gruppeniveau hvilket betyder at OM-6 og CIQ kan bruges til at måle 
vigtige ændringer i kliniske undersøgelser. Selvom dette studie påpeger mulige begrænsninger for disse 
instrumenter, vil vi fortsat anbefale deres brug i klinisk forskning.  
Prospektivt outcome-studie. Resultaterne af dette studie støtter opfattelsen af at drænbehandling kan 
forbedre livskvaliteten for både barn og forældre. Der var ingen forskel i livskvalitet for børn med rAOM og 
børn med både rAOM og OME. Disse børn havde signifikant lavere livskvalitet ved baseline sammenlignet 
md børn kun diagnosticeret med OME. Endvidere fandt vi væsentlige forbedringer på alle parametre relateret 
til forældrenes daglige funktion. Prædiktorer relateret til klinisk succes inkluderede barnets køn, diagnostisk 
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undergruppe, antal afbrudte nætter, lægebesøg, fravær fra arbejde/uddannelse og aflyste sociale 
arrangementer. 
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12.1 APPENDIX I  DANISH VERSIONS OF OM-6 AND CIQ 
OTITIS MEDIA-6 QUESTIONNAIRE
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12.2 APPENDIX II  DANISH VERSIONS OF NRS-CHILD AND NRS-CAREGIVER
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12.3 APPENDIX III  SUBSCALES OF CHQ-PF50 AND SF-36 
SUBSCALES OF CHQ-PF50 
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SUBSCALES OF SF-36 
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12.4 APPENDIX IV  GLOBAL PERCEIVED EFFECT SCALES
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12.5 APPENDIX V  TRANSLATION AND CROSS CULTURAL ADAPTION REPORTS
Forward translation and synthesis (Version 1) - explanations/resolutions written in Danish 
OM-6 issues T1 and T2 and Resolutions 
Original Translator 1 Translator  2 Resolution/explanation 
Instruction: Vejledning Instruktion Udelades og instruktionsafsnittet er skrevet med kursiv i stedet. Dette 
gjorde ordet instruktion overflødigt. 
Please help us 
understand the 
impact 
Du kan hjælpe os med 
at forstå, i hvor høj 
grad 
Hjælp os venligst 
med at forstå 
hvilken 
påvirkning 
Hjælp os venligst hvilken påvirkning blev valgt da dette er et 
åbent spørgsmål, hvor du kani hvor høj grad blev opfattet som 
ledende. 
Ear infection or 
fluid 
Ørebetændelse eller 
væskeansamling i 
mellemøret 
Øreinfektion eller 
væske i 
mellemøret 
mellemørebetændelse blev valgt af to grunde: 1) Lokalisationen er 
tydelig og ikke alle kender ordet infektion. 
Væske i mellemøret blev valgt, -ansamling er overflødig. 
your childs Dit barns Jeres barns Dit barn, da Yours ikke er stavet med stort og derfor ikke flertal. 
by checking one 
box [X] for each 
question below 
Ved at sætte kryds I et 
af felterne ud for 
hvert af de 
nedenstående 
spørgsmål 
. Sæt kryds i 1 
kasse for hvert af 
nedenstående 
spørgsmål. På 
forhånd tak 
kryds i et af felterne blev valgt i stedetfor 1 kasse, da det 
blev fundt sprogligt, mere korrekt.  
Physical suffering: Fysiske gener: Fysiske lidelser: gener fremfor lidelser, da lidelser virkede for voldsomt et ord i 
sammenhængen. 
Ear pain, ear 
discomfort, ear 
discharge, ruptured 
ear drum,  
Ørepine, ondt I øret, 
øreflåd, sprængt 
trommehinde,  
Øresmerter, 
ubehag i øre, flåd 
fra øre, hul på 
trommehinden,  
Øresmerter fremfor ørepine, da ordet pine virker forældet.  
Ubehag fremfor ondt, da det er en mere korrekt oversættelse af 
discomfort og da det ellers ville være det samme som øresmerter. 
sprængt trommehinde bruges ikke om perforation, det gør derimod 
hul på 
How much of a 
problem for your 
child for the past 4 
weeks. 
Hvor stort et problem 
har ovenstående været 
for dit barn I løbet af 
de sidste 4 uger. 
I hvor høj grad et 
problem for jeres 
barn gennem de 
sidste 4 uger 
hvor stort et problem er den mest korrekte oversættelse. 
I stedet for i løbet af og gennem valgtes over, og dette er 
gældende for resten af skemaet. 
Not present/no 
problem 
Ikke aktuelt/ikke et 
problem 
Ikke tilstede Ikke aktuelt/ikke et problem er den mest korrekte oversættelse. 
Generelt valgte man at opsætte gradueringen under hinanden, da det 
virker mere overskueligt end opsætningen i det originale 
skema.Desuden valgtes følgende graduering ud fra tanken om en 
tydelig rød tråd og da det semantisk er en mere dansk måde at 
graduere på. 
Hardly a problem at 
al 
Næsten ikke et 
problem 
Næsten ingen 
grad 
Meget lille problem 
Somewhat of a 
problem 
Noget af et problem I nogen grad Lille problem 
Moderate problem Mellemstort problem Moderat grad Moderat problem 
Quite a bit of a 
problem 
Ret stort problem I rimelig høj grad Stort problem 
Very much a 
problem 
Stort problem I høj grad Meget stort problem 
Extreme problem Ekstemt stort problem Ekstrem grad Ekstremt stort problem 
Hearing loss: Høretab: Nedsat hørelse: Nedsat hørelse, da høretab kan misforståes og tolkes som 
fuldstændigt tab af hørelse. 
Difficulty hearing, 
 or 
television is 
excessively loud 
Vanskeligt ved at 
høre, eller lyden på 
fjernsynet er 
ovendreven høj. 
Svært ved at høre, 
 eller lyden på 
fjernsynet skal 
være skruet meget 
op. 
Svært fremfor vanskeligt, da svært  er hyppigst anvendt. 
Lyden på fjernsynet er meget høj, virker som den bedste 
oversættelse. Ordet overdreven er for hårdt ladet.
Speech lmpairment: Taleforstyrrelse: Taleproblemer: Sprog og tale valgtes, da disse ord har forskellige betydninger på 
danske (speech dækker begge begreber), og derfor dækker hele 
spørgsmålet. 
Delayed speech,  
or unable to repeat 
Længe om at lære at 
tale,  eller ikke I 
Forsinket 
taleudvikling,  
Forsinket sproglig udvikling valgtes, da det at tale primært 
henfører til selve foniationsprocessen. 
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words clearly. stand til at gentage 
ord tydeligt. 
eller ikke istand 
til klart at gengive 
ord. 
Gentage valgtes udfra flertalsbeslutning. 
Emotionel distress: Følelsesmæssige 
gener: 
Emotionel 
påvirkning: 
Følelsesmæssige gener er lettere at forstå. emotionel påvirkning 
anså for meget abstrakt. 
Sad Ked af det Trist Ked af det/trist da man på den måde dækker både på kort og på 
lang sigt. 
Activity 
limitations: 
Begrænset 
energiudfoldelse: 
Begrænsninger I 
aktiviteter: 
Aktivitetsbegrænsninger, da energiudfoldelse ikke er almindeligt 
brugt. 
Playing, sleeping, 
doing things with 
friends/family, 
attending school or 
daycare 
Leg, søvn, deltagelse I 
aktiviteteter med 
venner/ familie, 
skolegang eller 
dagpleje/institution. 
Lege, sove, gøre 
ting med 
venner/familie, gå 
i skole eller 
institution  
Lege og sove er infinitiv som playing og sleeping. 
Gøre ting med  valgtes da det er uformelt iforhold til deltagelse 
i  
Gå i skole valgtes af samme årsag. 
Dagpleje/institution valgtes da man i det danske samfund skelner 
mellem disse (dækkes begge af daycare)  
Not limited at all Ikke aktuelt/ikke et 
problem  
Ikke begrænset Ikke begrænset 
T1 har formentligt overset den nye graduering i item 5. 
Desuden valgtes følgende graduering ud fra tanken om en tydelig 
rød tråd og da det semantisk er en mere dansk måde at graduere på. 
Hardly limited at 
all 
Næsten ikke et 
problem  
Næsten ikke 
begrænset 
Meget let begrænset 
Very slightly 
limited 
Noget af et problem I nogen grad 
begrænset 
Let begrænset 
Slightly limited Mellemstort problem Moderat grad 
begrænset 
Moderat begrænset 
Moderately limited Ret stort problem I rimelig høj grad 
begrænset 
Svært begrænset 
Very limited Stort problem I høj grad 
begrænset 
Meget svært begrænset 
Severely limited Ekstremt stort 
problem 
Ekstrem grad 
begrænset 
Ekstremt begrænset 
Caregiver concerns: Omsorgspersonens 
bekymringer: 
Omsorgspersons 
bekymringer: 
Forældres bekymringer valgtes fremfor omsorgspersons 
bekymringer, da vi ikke mente at omsorgsperson er et ord der 
anvendes. Desuden menes at forælder dækker mere over selve 
forælderansvaret/forældrerollen fremfor bare det biologiske aspekt. 
Inconvenienced  Følt dig hæmmet Generet begrænset valgtes da dette menes at være knap så negativt betonet 
som hæmmet eller generet  
Hardly any time at 
all 
Nærmest ikke  Næsten aldrig Næsten aldrig 
Følgende graduering valgtes ud fra tanken om en tydelig rød tråd 
og da det semantisk er en mere dansk måde at graduere på. 
A small part of the 
time 
En lille del af tiden En lille del 
aftiden/en smule 
Lidt af tiden 
A good part of the 
time 
En stor del af tiden En god del af 
tiden 
Endel af tiden 
All of the time Hele tiden altid Altid 
Overall, how would 
you rate your childs 
QoL as a result of 
ear infection or 
fluid 
Alt I alt hvordan 
vægter du dit barns 
livskvalitet som følge 
af ørebetændelse eller 
væskeansamling I øret 
Hvordan vil du 
overordnet 
vurdere dit barns 
livskvalitet som 
følge af 
øreinfektion eller 
væske i 
mellemøret 
Alt i alt og vurdere blev valgt da disse ord anvendes hyppigere i 
dagligdagen.  
Alt i alt skrives først i sætningen for at markere at der ertale om en 
overordnet vurdering. 
Smiley-skala   Midt mellem fjernes da dette virker forstyrrende og evt. ledende 
for besvarelse. 
livskvalitet fjernes da det er implicit. 
Ordet mulig skrives under værst og bedst, i stedet for ved 
siden af. Dette for at der ikke skal være tvivl om ar disse markerer 
kun yderpunkterne i skalaen. 
Desuden laves skalaen om til felter. Dette menes ikke at ændre 
måden at besvare på, da man i forvejen bad om at sætte ring om et 
tal, og dermed ikke gav mulighed for at markere mellem tallene. 
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CIQ issues T1 and T2 and Resolutions 
Original Translator 1 Translator  2 Resolution/explanaton 
Following Nedenstående Følgende Følgende vælges generelt i begge skemaer. 
Circle  Ring Cirkel Ring omkring vælges da dette er semantisk mere korrekt en cirkel 
omkring 
None of the time Aldrig Ikke noget af 
tiden 
Samme graduering som i item 6 i OM-6 vælges. 
Hardly any of the 
time 
Næsten aldrig Næsten ikke noget 
af tiden 
Samme graduering som i item 6 i OM-6 vælges. 
A little of the time Lidt af tiden En smule af tiden Samme graduering som i item 6 i OM-6 vælges. 
Most of the time En stor del af tiden Det meste af tiden Samme graduering som i item 6 i OM-6 vælges. 
 Abscence from 
work or education 
Har måttet tage fri fra 
arbejde/uddannelse 
Fravær fra arbejde 
eller uddannelse 
Har måttet - Før nutid mest passende. Fravær ansås for formelt. 
Cancelling of 
family activities, 
such as trips,  
Har aflyst aktiviteter 
som udflugter,  
Aflyse 
familieaktiviteter, 
f.eks. ture,  
Har aflyst  igen før nutid mest passende. 
Ture vælges da dette anses for mere nutidigt end udflugter 
Daily activities Daglige aktiviteter Aktiviteter i det 
daglige 
Daglige aktiviteter 
Housework Husligt arbejde Opgaver i 
hjemmet 
Opgaver i hjemmet virker mere nutidigt end husligt arbejde. 
Time with other 
siblings 
Tid med søskende Tid brugt sammen 
med andre 
søskende 
Tid med andre søskemnde, da brugt med er overflødigt. 
Feeling nervous, 
agitated or irritable 
Har været nervøs, 
oprevet eller irritabel 
Føle sig nervøs, 
anspændt eller 
irritabel. 
Har følt sig vælges da det er en merer direkte oversættelse af 
feeling end har været 
anspændt vælges da oprevet virker for ladet/voldsomt.  
Feeling helpless or 
frustrated 
Har følt magtesløshed 
eller frustration 
Føle sig hjælpeløs 
eller frustreret 
Overall, how would 
you rate your QoL 
during the past 3 
months as a result 
of your childs 
Hvordan vægter du alt 
I alt din egen 
livskvalitet I løbet af 
de sidste 3 måneder 
som følge af dit 
barns 
Hvordan vil du 
overordnet 
vurdere din 
livskvalitet 
gennem de sidste 
3 måneder, som et 
resultat af dit 
barns 
Samme ordvalg som i OM-6 vælges, da dette vil kunne genkendes af 
læseren og dermed evt. gøre skemaerne lettere at udfylde. 
In your family I jeres familie I familien På dansk er jeres overflødigt i sætningen 
then please indicate 
to what extent your 
agree or disagree 
with the statements 
below 
 så indiker I hvilken 
grad du er enig/uenig 
I nedenstående 
udsagn 
Bedes du/I svare 
på i hvilken grad 
du/I er enige eller 
uenige med 
følgende udsagn 
Neglected or 
excluded 
Tilsidesat eller holdt 
udenfor 
Overset eller 
tilsidesat 
Overset eller tilsidesat anvendes, da holdt udenfor ikke passer i denne 
sammenhæng. 
During the past 3 
months 
I løbet af de sidste 3 
måneder 
Indenfor de sidste 
3 måneder 
over anvendes i overensstemmelse med OM-6 
Backward translation and synthesis (pre-final version) - explanations/resolutions written in Danish 
Translation 2: OM-6 issues T1 and T2 and Resolutions 
Original Translator 1 Translator  2 Version 1 OM-6 Resolution/explanation 
Instructions - - - Afsnit skrives i kursiv, hvorfor ordet udelades. 
Please help us 
understand the 
impact 
Please help us 
understand 
what 
impact 
Please help us 
understand 
how 
Hjælp os 
venligst med at 
forstå hvilken 
påvirkning 
Semantisk korrekt oversættelse 
Ear infection or 
fluid 
Middle-ear 
infection or 
Middle-ear 
infection or 
Mellemørebetæ
ndelse eller 
Mere specifikt, øreinfektion er for bredt et udtryk
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fluid fluid væske I 
mellemørerne 
On your Has had Affects Har på Pga. ordstilling 
Checking one Ticking one Ticking one Sætte kryds Ændres til markere, for også at kunne appliceres i den e-mail-
baserede version. 
Physical suffering Physical 
discomfort 
Physical 
problems 
Fysiske gener Suffering oversættes frit til lidelser, men dette ord er stærkt 
ladet i det danske sprog, hvorfor gener passer bedre. 
Ruptured ear 
drum 
Hole in the A punctured Hul på 
trommehinde 
Semantisk korrekt oversættelse 
How much of 
a. 
How big a How much of 
a 
Hvor stort et Semantisk korrekt oversættelse 
Not present/no 
problem 
Not 
applicable/not 
a problem 
Not relevant/not 
a problem 
Ikke 
aktuelt/ikke et 
problem 
Rettes til ikke tilstede, da dette er en mere korrekt 
oversættelse af not present 
Hardly a problem 
at all 
Very small 
problem 
Hardly a 
problem 
Meget lille 
problem 
Skalering beholdes 
Somewhat of a 
problem 
small problem Slight problem lille problem - 
Quite a bit of a 
problem 
Big problem Big problem Stort problem  - 
Very much a 
problem 
Very big 
problem 
Very big 
problem 
Meget stort 
problem 
- 
Extreme problem Extremely big 
problem 
Extremely big 
problem 
Ekstremt stort 
problem 
- 
Hearing loss Hearing 
impairment 
Reduced 
hearing 
Nedsat hørelse Nedsat bruges istedet for tab, da tab ofte opfattes som 
fuldstændigt. 
Difficulty hearing Difficulty 
hearing 
Find it hard to 
hear 
Svært ved at 
høre 
Semantisk korrekt oversættelse 
Television is 
excessively loud 
The sound on 
the television 
set is turned 
up very high 
Turns the 
volume on the 
TV up very high 
Lyden på 
fjernsyn er 
meget høj 
Overvejer om der skal stå lyden skrues meget op, men af de to 
oversættelser ses at oversætterne fortolker rigtigt, hvor der ikke 
ændres noget. 
Speech 
impairment 
Language and  
speech 
Language and 
speech 
Sprog og tale På dansk har man ikke et udtryk der dækker både sprog og tale, 
som speech gør på engelsk. Det er vigitgt at begge begreber 
indgår i overskriften. 
Vælger dog at tilføje problemer, for at få en rød tråd i 
overskrifterne, dvs. sprog- og taleproblemer 
Delayed speech Delayed 
language 
development 
Delayed 
linguistic 
development 
Forsinket 
sproglig 
udvikling 
Semantisk korrekt oversættelse 
Unable to repeat 
words clearly 
Incapable of 
repeating 
words clearly 
Cannot repeat 
words clearly 
Ikke I stand til 
klart at gentage 
ord 
Ændres til at gentage ord tydeligt, da der er enighed om at 
tydeligt bruges om selve udtalen, hvorimod brugen af 
klart/uklart ligeså godt kunne betyde at barnet f.eks. var hæs. 
Emotional 
distress 
Emotional 
discomfort 
Emotional 
problems 
Følelsesmæssig
e gener 
Distress oversættes direkte til stress/lidelse, hvilket på dansk er 
stærkt ladede ord, hvorfor gener vælges. Desuden passer det til 
item 1. 
Activity 
limitations 
Restrictions in 
activities 
Limitation on 
activity 
aktivitetsbegræn
sninger 
Semantisk korrekt oversættelse 
How limited How big How much of Hvor stort et Fejl i oversættelse; rettes til hvor begrænset har dit barns 
aktiviteter været over .  
Not limited at all Not limited Not restricted Ikke begrænset Skalering ok 
Hrdly limited at 
all 
Very slightly 
limited 
Hardly 
restricted at all 
Meget let 
begrænset 
Let ændres til lidt, da dette er mere semantisk korrekt 
Very slightly 
limited 
Slightly 
limited 
Slightly 
restricted 
Let begrænset - 
Slightly limited Moderately 
limited 
Moderately 
restricted 
Moderat 
begrænset 
- 
Moderately 
limited 
Badly limited Very restricted Svært begrænset - 
Very limited Very badly Severely Meget svært - 
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limited restricted begrænset 
Severely limited Extremely 
limited 
Extremely 
restricted 
Ekstremt 
begrænset 
- 
Parental concerns Parental 
concerns 
Parents worries Forældres 
bekymringer 
Forældres bekymringer valgtes fremfor omsorgspersons 
bekymringer, da vi ikke mente at omsorgsperson er et ord der 
anvendes. Desuden menes at forælder dækker mere over selve 
forælderansvaret/forældrerollen fremfor bare det biologiske 
aspekt. 
Concerned or 
inconvenienced 
Concerned or 
felt restricted 
Troubled or 
restricted 
Foruroliget eller 
begrænset 
I stedet vælges bekymret eller generet, da dette virker som en 
mere direkte oversættelse men stadig semantisk velfungerende. 
None of the time Never  never aldrig Skalering ok 
Hardly any time 
at all 
Almost never Almost never Næsten aldrig - 
A small part of 
the time 
Very 
occasionally 
Now and then Lidt af tiden - 
A good part of 
the time 
A lot of the 
time 
Much of the 
time 
En del af tiden - 
All of the time always always Altid - 
overall overall All in all Alt I alt - 
rate rate assess Vurdere - 
- Four weeks Four weeks 4 uger 4 uger skrives med for at undgå misforståelser. 
Half-way 
between 
- - - Denne label fjernes. Der skal kun være labels i hver ende, eller 
vil respondenterne have tendens til at svare hvor labels er.  
Translation 2: CIQ issues T1 and T2 and Resolutions
Original Translator 1 Translator  2 Version 1 CIQ Resolution/explanation 
experienced Experienced  encountered Oplevet ok 
Please circle  Please cicle Circle Sætte ring Ændres til markere, for også at kunne appliceres i den e-mail-
baserede version. Det samme sker de to andre steder i CIQ 
3 months   4 uger 4 uger vælges af flere grunde: 
: ensrette i forhold til OM6 
: Teoretikere mener at man er tilbøjelig til at angive 
hvordan man har det på nuv. tidspunkt, hvis den periode 
man skal huske tilbage over er for lang. Ofte anbefales 
ikke mere end 4-5 uger. 
: Hvis det skal give mening at udlevere skemaer med 1 og 
3 måneders mellemrum, bliver man nødt til at angive 
perioden som 4 uger eller derunder. 
As a consequence Due to Due to På grund af Ok 
None of the time never Never  Aldrig Skala ok 
Hardly any of the 
time 
Almost never  Almost never  Næsten aldrig - 
A little of the 
time 
Now and then Very 
occasionally 
Lidt af tiden - 
A good bit of the 
time 
Much of  the 
time 
Much of the 
time 
En del af tiden - 
Most of the time Almost all the 
time 
Almost all of 
the time 
Næsten hele 
tiden 
- 
All of the time Always - Hele tiden - 
 Lack of sleep  Lack of sleep Sleep 
deprivation 
Søvnmangel Semantisk mest korrekt 
Absence from 
work or education 
Have had to 
take time of 
work or 
studies 
Have had to 
take time of 
work or 
education/traini
ng 
Har måttet tage 
fri fra arbejde 
eller udd. 
Ændres til fravær fra, for at undgå for meget talesprog. 
Korrelerer desuden bedre med original. 
Resten af item rettes også til, såldes at har fjernes som første 
bogstav i hver item. 
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Trips, play dates, 
vacations 
Trips, play 
dates, 
holidays 
Excursions, play 
time, holidays 
Ture, 
legeaftaler, 
ferier 
Ok Vacation: amerikansk Holiday: britisk 
Nervous, agitated 
or irritable 
Nervous, 
tense or 
irritated 
Nervous, tense 
or irritated 
Nervøs, 
anspændt eller 
irriteret 
I stedet for irriteret skrives irritabel, en mere korrekt oversættelse 
og fungerer bedre semantisk. 
Helpless  powerless powerless Magtesløs Semantisk mest korrekt 
Overall overall All in all Alt I alt Semantisk mest korrekt 
Rate rate assess vurdere ok 
Not certain Neither agree 
nor disagree 
Neither agree 
nor disagree 
Hverken enig 
eller uenig 
Skalering bedre, da det nu er en original Likert skala 
Neglected or 
excluded 
Overlooked or 
neglected 
Ignored or 
neglected 
Overset eller 
tilsidesat 
Semantisk mest korrekt 
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Abstract
Background: The Otitis Media-6 questionnaire (OM-6) is the most frequently used instrument to measure health
related quality of life in children with otitis media. The main objectives of this study are 1) to translate and
cross-culturally adapt the OM-6 into Danish, and 2) to assess important psychometric properties including structural
validity and interpretability of the OM-6 in a Danish population of children suffering from otitis media.
Methods: The OM-6 was translated and cross-culturally adapted according to international guidelines. A longitu-
dinal validation study enrolled 491 children and their families, and the measurement properties of the OM-6 were
evaluated using the Cosmin taxonomy. The properties assessed were construct and structural validity (confirmatory
factor analysis) including internal consistency, reproducibility (test-retest reliability and smallest detectable change),
responsiveness and interpretability.
Results: A total of 435 children were eligible to participate in the study. Analyses of structural validity and internal
consistency indicated that parent appraisal of hearing and speech problems may be problematic. Both scales
showed similarly good test-retest reliability and construct validity, were able to discriminate between diagnostic
subgroups and responsive to change. Cut-off values of 16.7 and 30.0 were found to represent minimal important
change for the patients.
Conclusions: The Danish version of the OM-6 is a reliable, valid, responsive and interpretable questionnaire to measure
quality of life in children with otitis media. This study sheds light on possible weaknesses of the instrument that needs
to be acknowledged in the utilization of the instrument. However, despite these issues our results support the
continuing use of OM-6 as a 1-factor functional health scale with a separate global health rating. Furthermore,
indications of values representing minimal important change as perceived by the respondent are presented.
Keywords: Cross-cultural adaptation, Validation, OM-6, Otitis media, Factor analysis, Minimal important change,
Smallest detectable change
Introduction
Otitis media (OM) is a common childhood disease and
the leading cause of doctor consultations for pre-school
children [1]. It can be divided in two major diagnostic
subgroups: acute otitis media (AOM) and otitis media
with effusion (OME) with great overlap between the two
(see Table 1) [2-4].
Quality of life (QoL) as an outcome for assessment of
treatment has become increasingly recognized in clinical
research and several studies have assessed the quality of
life of children with otitis media. Since the development
of the disease specific proxy-completed Otitis Media-6
(OM-6) questionnaire in 1997 [5], it has become the most
frequently used questionnaire applied in the international
literature [6,7]. The questionnaire covers physical and
emotional domains of functional health status (FHS) in
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the child and concerns of the caregiver. Furthermore, it
includes a measure of global health related to child quality
of life. The questionnaire can be completed within a
matter of minutes making it ideal for application in differ-
ent settings.
Successful application of a QoL measure in clinical re-
search is not only dependent on the study design but
also on the psychometric properties of the included out-
come measures. The literature on assessment of the psy-
chometric properties of OM-6 is limited to a few studies
[5,8-11] and several important aspects of the psychomet-
ric quality of the instrument have yet to be investigated.
For example, no studies have reported on analysis of the
factor structure of OM-6 which is fundamental to the
analysis of validity. In addition, specific analyses of meas-
urement error, smallest detectable change or respondent
perceived minimal important change are absent – param-
eters important for interpretability of the OM-6.
The main objectives of this study are 1) to translate
and cross-culturally adapt the OM-6 into Danish, and 2)
to assess important psychometric properties including
structural validity and interpretability of the OM-6 in a
Danish population of children suffering from OM.
Methods
Patients and design
Children and their families were consecutively enrolled
in the study from 13 private Ear Nose Throat (ENT)
clinics on the island of Funen, Denmark from February
15th 2011 to February 28th 2012 as part of a larger co-
hort study investigating the impact of ventilating tube
treatment on the quality of life of the child and care-
giver. Inclusion criteria were 1) indication for bilateral or
unilateral ventilating tube treatment established by an
ENT specialist, 2) age 0–6 years, 3) no history of previ-
ous ventilating tube treatment, 4) caregiver should be
able to read, write and understand Danish. Exclusion cri-
teria were syndrome diseases, cleft lip and palate or
other concurrent illnesses with the potential to affect the
quality of life such as severe heart or lung disease.
The study design was purely observational and ap-
proval from the local ethics committee was not required
according to the rules and regulations of the Danish
scientific ethical committee. However, the study was re-
ported to and accepted by The Danish Data Protection
Agency.
Measurement tools
Otitis media-6 questionnaire
The OM-6 includes 6 FHS items measuring the child’s
physical suffering, hearing loss, speech impairment, ac-
tivity limitations, emotional distress and caregiver con-
cern and a numerical rating scale (NRS-child) for the
assessment of global QoL in the child. Respondents (par-
ents) are asked to recall symptom history pertaining to
the previous four weeks. Each of the FHS items is scored
on a Lickert-type scale ranging from 1 to 7, with 7 repre-
senting worst score. The NRS scale ranges from to 0 to
10, with 0 representing worst score. Originally, the sum-
mary score of the FHS scale was produced directly by
summing up the scores of the 6 items and dividing by
the total number of items [5], but in later work the de-
velopers have adjusted the item scores to 0–100 scales
before dividing by the total number of items [12]. We
adopted the latter method but computed the summary
score based on the method of proportional recalculation
[13]. The items were adjusted to a scale of 0 to 100, with
0 as “no impact” and 100 as “worst possible impact”.
The summary score was then determined by the mean
of items that were answered, rather than just the total
number of items. The NRS scale ranges from to 0 to 10,
with 0 representing worst score. For comparability this
scale was also adjusted to a 0 to 100 scale.
The principles of forward-backward translation were
applied to the OM-6 in accordance with the guidelines
proposed in the literature [14]. Written consent to trans-
late and apply the questionnaire was obtained from the
original developers.
Additional measurement tools
Additional instruments were included for the purpose of
validation. The Child Health Questionnaire - CHQ-PF50
is a widely used generic questionnaire for measuring QoL
in children. It is available in a validated Danish version.
The following subscales where included: Global Health,
Role/Social limitations – Physical, Bodily Pain/Discomfort,
Mental Health, General Health Perceptions, Parental Im-
pact – Emotional and Parental Impact – Time) [15-20].
Caregiver Impact Questionnaire (CIQ) is a disease specific
instrument developed to assess the impact of otitis media
on caregiver QoL [12]. The structure of CIQ is similar to
OM-6. The CIQ is only available in a validated English
version. It has been translated and validated by our
Table 1 Definitions of diagnostic subgroups of otitis media
AOM: Middle ear effusion and acute onset of signs and symptoms of middle ear inflammation such as fever, otalgia, possible otorrhoea
and discomfort that may result in interference with or precludes normal activity or sleep [3].
Recurrent acute otitis media (rAOM) is defined by the presence of at least 3 episodes of acute otitis media in 6 months or 4 or more
episodes in 1 year [4].
OME: Middle ear effusion without signs or symptoms of acute ear infection [2]. Disease severity of OME ranges from no symptoms to lowered
activity level and sleep disturbances or even significant hearing loss and speech impairment.
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research group (awaiting publication). Furthermore, four
questions regarding the number of doctor visits, days of
antibiotic use, days of observed lower activity level in the
child and interrupted nights of the caregiver because of
OM in the child. Lastly, a seven point global perceived ef-
fect (GPE) scale in which parents stated to which extend
they had experienced changes in the disease specific QoL
of the child after intervention. The seven response options
were: 1) very much improved, 2) much improved, 3) a lit-
tle improved, 4) no change, 5) a little deterioration, 6)
much deterioration, 7) very much deterioration.
Procedure
Questionnaire booklets were administered to the families at
three time points. Parents were asked to complete the ques-
tionnaires on the day the ENT specialist established indica-
tion for ventilating tube treatment (pre-baseline), within
four days prior to surgery (baseline) and one month post-
surgery (follow up). All pre-baseline questionnaires were
handed out and completed on paper. For all subsequent
questionnaires caregivers were given the choice between
paper based questionnaires or electronic questionnaires.
Eighty-two percent of caregivers chose to complete all sub-
sequent questionnaires online. We regarded respondents
who completed the baseline questionnaire more than 7 days
after ventilating tube treatment as not eligible for data
analysis. The following questionnaire booklets were handed
out at the three time points. At pre-baseline OM-6 and
CIQ were included. At baseline and follow-up the booklet
consisted of OM-6, CIQ and all additional measurement
tools as mentioned above.
Statistical analysis
The Cosmin taxonomy for measurement properties were
applied as a basis for the statistical analysis of this study
[21,22].
Missing items
Missing items were investigated at baseline and follow
up. If more than 50% of items were missing, the form
was discarded (regarded as missing in total). Less than
three percent missing scores on each item was consid-
ered acceptable [23].
Validity
Structural validity and internal consistency Confirma-
tory factor analysis (CFA) was conducted in order to in-
vestigate the accuracy of the hypothesized one factor
structure of OM-6 [5]. Investigations on the structure of
OM-6 are warranted for different reasons. Despite its
brevity the instrument covers both emotional and phys-
ical domains of FHS which renders a more complex
structure possible. Furthermore, it is designed to cover
diagnostic subgroups (rAOM and OME) of which the
clinical picture may vary greatly and the factor validity is
likely to differ between these diagnostic subgroups.
Asymptotically distribution free estimation was applied
because of non-normality. Model accuracy was based on
the chi-square test and the following model fit indices:
1) comparative fit index (CFI), 2) root mean square error
of approximation (RMSEA), and 3) standardized root
mean square residual (SRMR). As the relatively large sam-
ple size has the potential to produce statistically significant
chi-square values which are essentially unimportant, all sig-
nificant chi-square values were interpreted in combination
with the other fit indices [24]. Model fit was interpreted as
‘acceptable’ if CFI >0.90, RMSEA <0.08 and SRMR <0.08.
Model misspecifications were calculated using the ex-
pected parameter changes (EPC) and modification index
(MI) [25]. Secondly, internal consistency was assessed by
calculating Crohnbach’s alpha and item-total correlations.
Alpha should be between 0.70 and 0.95 [26].
Construct validity Hypotheses were constructed regard-
ing correlations between items (inter-item), between items
and summary scores (item-total) and between summary
scores (total-total) within and between the questionnaires
[23,26]. A higher percentage of correct predictions indi-
cate stronger support for construct validity. A correlation
of <0.3 was defined as weak, 0.3-0.5 as moderate and >0.5
as strong [27]. Negative correlations were expected be-
tween the FHS scale of OM-6 and the NRS scales of OM-
6 and CIQ and the subscales of CHQ-PF50 as these are
inversely scored. Wilcoxon rank-sum (Mann–Whitney)
test was used to test if the scales were able to discriminate
between diagnostic subgroups.
Reproducibility
Test-retest reliability Reliability was assessed by calcu-
lating the intraclass correlation coefficient (ICC2.1.A)
[28]. Criteria for inclusion in the test-retest analysis were
1) because OM is a fluctuating disease only repeated mea-
surements with an interval of 2 to 14 days between pre-
baseline and baseline measurements were included, 2)
caregivers had to state that they perceived the state of OM
in their children to be static between the repeated mea-
surements and 3) the respondent should be the same at
both measurements. An ICC of at least 0.70 is required as
a minimum standard for test-retest reliability [26,29,30].
Smallest detectable change (SDC) SDC is based on
Standard Error of Measurement (SEM) which is the vari-
ability in measurements (SD) of the same individual with
a confidence of 95% and is expressed in the unit of the
measurement. It was estimated by computing the square
root of the within subject variance of the patients
(SEMagreement = √σbetween measurement + σresidual) [22]. Vari-
ance components were obtained from a multilevel mixed
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effects model (restricted maximum likelihood estimates)
[31]. Because SDC is the smallest amount of change in
individuals that can be detected beyond measurement
error with a confidence of 95%, it is calculated as
1.96*√2*SEM [26].
Responsiveness
Criterion responsiveness A GPE scale was used as an
external anchor in the assessment of criterion respon-
siveness. Because it was considered a gold standard of
measuring change, it was hypothesized that correlations
between change scores and GPE scores should be at
least 0.5 [32]. Subsequently, receiver operating charac-
teristic (ROC) analyses were performed in which respon-
dents were dichotomized according to their responses
on the GPE-scale. We considered patients choosing re-
sponse option 1–2 (“very much improved” and “much
improved”) on the GPE-scale as “importantly improved”
and those choosing option 3–5 (“a little improved”, “no
change” and “a little deterioration”) as “stable”. The area
under the curve (AUC) was interpreted as the probabil-
ity of correctly identifying the “importantly improved”
children from “stable” children. An AUC of 1.00 indicates
perfect discrimination whereas an AUC of 0.50 indicates
that discrimination is no better than chance. AUC should
be at least 0.70 [26].
Construct responsiveness and floor/ceiling effects Con-
struct responsiveness was assessed by hypothesizing that
correlations between change scores of the different ques-
tionnaires would be at least 0.5 [23,26]. Lastly, Floor and
ceiling effects were investigated at baseline as presence
of these may hamper the possibility of detecting change.
These were considered present if more than 15% achieved
the highest or the lowest possible score [26,33].
Minimal important change (MIC) as perceived by the
respondent
For determining the MIC we used a three step proced-
ure that integrates both anchor-based and distribution-
based methods [34]. In step one the study sample is
dichotomized according to the anchor in groups of “im-
portantly improved” children versus “stable” children as
described in the paragraph on criterion responsiveness.
In step two the distribution of change scores is plotted.
Proportional frequencies are used in order to avoid in-
fluence of the sample size of the groups on the curve
and cut-off points. In step three the MIC is determined
by using the optimum ROC-point cut-off point as bench-
mark. By weighting sensitivity and specificity equally this
cut-off point is assumed to represent the lowest overall
misclassification. Lastly, the MIC was related to the SDC
by computing the group size needed to achieve an SDCgroup
that equals the MIC (n = (SDC/MIC)2) [35].
STATA® v. 12.1 IC (StataCorp) was used for all analyses.
Results
Translation and cross-cultural adaption of OM-6
The translation and cross-cultural adaptation of the OM-6
resulted in several pertinent issues. The term “ear infec-
tion” was changed to the more specific “middle ear infec-
tion” to minimize the risk of including infection of the
external ear canal and auricle. Semantic adaption of some
items was necessary either because a direct translation ren-
dered incomprehensible sentences or the risk of respond-
ent misinterpretation was high. For example “suffering” in
item 1 was changed from “lidelse” (suffering) to “gener”
(bothersomeness) as “lidelse” (suffering) is a very strong
expression in Danish. Similarly, “hearing loss” in item 2
was changed from “høretab” (total hearing loss) to “nedsat
hørelse” (reduced hearing), to avoid the risk of respondents
interpreting the wording as a total loss of hearing. Finally,
“caregiver” which is used in item 6, was changed to “for-
ælder” (parent) for two reasons; “caregiver” is not com-
monly used in the Danish language and “parent” is often
used in the meaning of “caregiver”.
Sample population and scale descriptives
Four-hundred-ninety-one families were enrolled in the
study. Fifty-six had to be excluded because of late base-
line responses (> 7 days post-surgery). Response rates
were 95.4% and 92.6% at baseline and follow up, respect-
ively. Missing items ranged from 0.0-1.6% for the 6 FHS
items with only items 2 (1.1%) and 3 (1.6%) having more
than 0.5%. Basic demographic data and scale scores are
presented in Table 2.
Table 2 Sample demographics and scale scores
Total sample OME rAOM rAOM/OME
Gender, no (%)*
Male 244 (56.1) 115 (55.8) 35 (55.6) 92 (56.4)
Female 191 (43.9) 91 (44.2) 28 (44.4) 71 (43.6)
Age at surgery*,
median (iqr)a
1.46 (1.23) 1.77 (2.10) 1.22 (0.85) 1.37 (0.72)
Baseline scores,
mean (SD)**
FHS 44.5 (18.9) 39.5 (18.7) 51.1 (16.8) 48.4 (18.3)
NRS-child 49.6 (23.2) 56.6 (24.0) 41.8 (18.7) 44.0 (21.2)
Follow up scores,
mean (SD)***
FHS 17.7 (15.6) 17.4 (16.0) 16.8 (17.4) 18.5 (14.4)
NRS-child 80.6 (18.6) 81.3 (18.0) 81.5 (19.5) 79.3 (19.2)
*N=435 - information on diagnostic subgroup missing for 3 children,
**N=415, ***N=403.
ainterquartile range.
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Validity
CFA revealed issues in the hypothesized one factor
structure of OM-6. A poor fit was obtained from the ini-
tial analysis and modification indices (MI) gave indica-
tions to possible changes of the model. Error terms of
item 2 (hearing loss) and item 3 (speech impairment) cor-
related highly which made conceptual sense. A shared co-
variance of these items was included in the analysis and a
superior fit was obtained. Subsequently, data was dichoto-
mized into groups of children experiencing recurrent epi-
sodes of AOM with or without OME (+rAOM) and those
who had only experienced OME (-rAOM). Our modified
model fitted well on the data from the latter subgroup.
However, further model modifications were necessary to
obtain an acceptable fit on the data from the group experi-
encing rAOM or rAOM/OME. Large correlation was
found between error terms of item 4 (emotional distress)
and item 6 (caregiver concerns) which also made concep-
tual sense. An acceptable fit was obtained after including a
shared covariance of these items. Fit statistics are pre-
sented in Table 3. Internal consistency of the one factor
model was acceptable (alpha = 0.75) and item-total corre-
lations ranged from 0.46-0.79. Only two items had correla-
tions below 0.7 (item 2: 0.50 and item 3: 0.46).
Construct validity was assessed by testing 24 hypothe-
sized correlations. Table 4 provides examples of hypotheses
(full list available in Additional file 1) and Table 5 displays
number of correctly and incorrectly predicted correlations.
Twenty-one (87.5%) hypothesized correlations were cor-
rect. Furthermore, both scales were able to discriminate
between children suffering from rAOM and children suf-
fering from only OME (Table 5).
Reproducibility
Data from 135 respondents were included in the reprodu-
cibility analysis. There was a mean of 6.7 days between the
measurements with only small and non-significant differ-
ences between this subsample and the remaining study
sample with regards to age, gender, diagnostic distribution
and baseline scores (Additional file 1). ICC was acceptable
for both scales (OM-6: ICC 0.85, CI 0.80-0.89, NRS: ICC
0.83, CI 0.77-0.88). The mean difference was close to zero
indicating no systematic difference between test-retest
scores and SDC was relatively large for both scales (OM-
6: 19.7, NRS: 25.9). This means that a change of less than
one fifth of the whole scale cannot be detected beyond
measurement error on the individual level (Table 6).
Responsiveness
Three-hundred-and-ninety-seven caregivers completed
both baseline and follow-up questionnaires. Criterion re-
sponsiveness hypotheses regarding correlations between
change scores and GPE score were only confirmed for
the FHS scale. However, hypotheses for the AUC were
confirmed for both scales (Table 7). Construct respon-
siveness was found to be good as change scores of the
instruments correlated well with each other (Table 7).
As anticipated, correlations between change scores of the
disease specific questionnaires were higher than correla-
tions to the generic CHQ-PF50 questionnaire. On the
FHS summary score 0.5% and 0.0% scored the lowest and
highest possible scores, respectively whereas this was 0.7%
and 2.2% on the NRS score.
Table 3 Confirmatory factor analysis model fit
Total sample Subgroup analysis
Original model Final modified model* -rAOM* +rAOM**
N 400 400 191 209
Chi2 153.720 25.290 9.722 16.477
d.f. 9 8 8 7
p-value >0.001 0.001 0.285 0.021
CFI 0.687 0.963 0.992 0.958
RMSEA 0.200 0.074 0.034 0.080
SRMR 0.153 0.036 0.036 0.045
*covariance of item 2 and 3 included in the model, **covariance of item 2 and
3 and covariance of item 4 and 6 included in the model.
Table 4 Examples of construct validity hypotheses (full list available in Additional file 1)
Correlated to
Questionnaire (subscale
or item number)
Hypothesized
correlation
Comment Obtained
correlationa
FHS (phys. suffering) CHQ-PF50 (bodily pain) Strong, negative If pain is present in OM, it will also become
apparent in more generalized questions.
−0.82
FHS (activity limitations) No. of days observed lower
activity level
Strong, positive Both items regard the child’s activity level,
although OM-6 item is more extensive.
0.56
NRS-child CHQ-PF50 (Global health) Moderate, negative Global health is likely to be affected by
disease specific QoL.
−0.33
FHS (summary score) CIQ FHS summary score Strong, positive Child FHS has a strong influence upon
caregiver FHS.
0.72
aSpearman’s rho.
Heidemann et al. Health and Quality of Life Outcomes 2013, 11:201 Page 5 of 10
http://www.hqlo.com/content/11/1/201
Minimal important change (MIC)
Table 8 presents results on ROC cut-off points with spe-
cificity and sensitivity. MIC was smaller than SDC at the
individual level for the FHS scale when choosing a cut-
off of 16.7 as a benchmark for the MIC. However, MIC
will be beyond measurement error in groups of two or
more ((19.8/16.7)2). Figure 1 presents the distribution of
change scores related to the anchor.
Discussion
OM-6 is now available in a reliable, valid, responsive and
interpretable Danish version. Analysis of especially struc-
tural validity revealed issues that must be considered in
the application of the instrument. Confirmatory factor
analysis did not confirm the initial hypothesized one-
factor model of the FHS scale. A superior fit was achieved
after allowing for covariance between item 2 (hearing loss)
and item 3 (speech impairment). It has good test-retest re-
liability and construct validity, is able to discriminate be-
tween relevant subgroups and is responsive to change.
Furthermore, this study is the first to present results on
the SDC and patient perceived MIC.
Translation and cross-cultural adaptation of OM-6
To enhance cross-cultural equivalence a thorough trans-
lation and cultural adaption procedure was performed
[14]. The process revealed several issues important to
the Danish language and culture and we recommend
these issues to be considered in cultures similar to the
Danish. OM-6 has previously been translated into Dutch.
However, none of these studies elaborate further on
possible issues in the translational process [9,11]. Future
studies should include this important aspect of the cross-
cultural adaption to ensure optimal content validity.
Validity
We performed confirmatory factor analysis to test if the
FHS scale satisfied a one-factor structure measuring func-
tional health in children with otitis media. The initial ana-
lysis did not produce an acceptable fit, however, by
allowing covariance between item 2 (hearing loss) and
item 3 (speech impairment) we obtained a superior fit.
This makes sense conceptually as hearing and speech de-
velopment are closely connected especially in this age
group. Internal consistency was acceptable. However, ana-
lysis revealed items 2 and 3 to have considerably lower
item-total correlations than the remaining items. Some is-
sues need further discussion to explain these findings.
First, the age of the patient population may be an issue.
Feedback from respondents indicated that it was difficult
for caregivers to evaluate speech impairment (item 3) as
most of the children in this study sample are very young
and still only in the early stages of language development.
Furthermore, the accuracy of caregiver’s perceptions of
the child’s hearing (item 2) is questionable. The developers
of OM-6 addressed this issue by correlating scores of item
2 (hearing loss) with audiometric findings. They con-
cluded that the caregiver’s perceptions of hearing for chil-
dren were less than accurate [36]. Despite the possible
deficiencies of items 2 and 3 we still believe that they have
good face validity as both cover fundamental concerns in
otitis media. Second, one may question if OM-6 consists
of more than one factor. It is possible that items 2 and 3
comprise an individual factor which may, in part, explain
the low item-total correlations of these items. We did not
explore this option further because of the brevity of the
instrument and the acceptable CFA fit in the one-factor
model including a single covariance. Based on the findings
of this study we recommend that the original structure of
the OM-6 is maintained but encourage future studies to
continue exploring the factorial structure of the OM-6 in
different study populations diagnosed with OM.
In a subgroup analysis we found that the final model
fitted well on data from the only-OME children but the
fit was not optimal for data from children diagnosed
with rAOM (with or without OME). We had to allow for
an additional covariance between item 4 (emotional dis-
tress) and item 6 (caregiver concerns) in order to obtain
an acceptable fit. The finding of large correlation between
error terms of these items also makes conceptual sense as
children experiencing rAOM are likely to present a more
severe clinical picture with recurrent fever and pain. This
often leads to considerable emotional distress in the child
which will add to caregiver concerns. The need for an
additional modification to the model suggests that OM-6
Table 5 Construct validity – matrix displaying results on the different analyses of construct validity
Convergent and discriminant validity Discriminative validity
Correctly predicted Incorrectly predicted + rAOM* mean (SD) - rAOM** mean (SD) p-valuea
FHS 16 3 49.1 (17.9) 39.5 (18.7) <0.001
NRS-child 5 0 43.4 (20.5) 56.6 (24.0) <0.001
*N = 216, **N = 197.
aWilcoxon rank-sum (Mann–Whitney) test.
Table 6 Reproducibility–test-retest reliability and smallest
detectable change
N Difference score (SD)a ICC (CI) SEM SDC
FHS 135 1.3 (10.0) 0.85 (0.80-0.89) 7.1 19.8
NRS-child 135 0.6 (13.2) 0.83 (0.77-0.88) 9.3 25.9
aDifference between test-retest scores.
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may be more suited for children with OME rather than
children who experience rAOM alone or in connection
with OME. However, children referred for tympanostomy
tube insertion due to severe rAOM (with or without
OME) tend to be younger than children referred because
of only OME. Hence, it becomes difficult to distinguish
the impact of diagnosis from the impact of age when
explaining this finding. That said, it is important to ac-
knowledge the possible weaknesses pointed out in this
study when utilizing this instrument.
Strong construct validity was found by testing hypoth-
esized correlations (87.5% were correctly predicted). Fur-
thermore, both scales were able to discriminate between
subgroups when dichotomizing in children suffering
from rAOM and no rAOM. In general, our results on
construct validity are consistent with those found in the
literature [5,9-11]. However, direct comparisons between
results are difficult due to the heterogeneity of methods
used for assessing construct validity.
Reproducibility
Test-retest reliability (ICCs) was acceptable and similar
to previously published results [11]. Agreement between
test-retest scores was investigated by assessment of the
systematic and measurement error (Table 6). The meas-
urement error (SDC) of the FHS scale was 19.8 and 25.9
for the NRS scale. This indicates that a change of less
than one fifth (FHS) and one fourth (NRS) is within nor-
mal scale variability. Measurement error and test retest
reliability is highly dependent on the stability of the
study sample from which the data is obtained and one
may question if the measurement error is due to “in-
stability” of the study sample rather than scale variabil-
ity. We do not believe this to be the case as ICCs were
acceptable and systematic error is negligible. Further-
more, our findings on measurement error correspond to
findings published by Brouwer et al. [11]. However, the
magnitude of the measurement error indicates that
using the OM-6 on individual patients may be problem-
atic as change scores have to be large before they can be
relied upon. We recommend using the OM-6 at group
level as measurement error decreases with the square
root of N [26].
Responsiveness
No floor/ceiling effects were found enabling bidirec-
tional change scores in longitudinal studies. Construct
responsiveness revealed strong correlations between
change scores of the different instruments (Table 7).
Similarly, criterion responsiveness showed acceptable re-
sults although correlations between the GPE scale and
the NRS scale were less strong. This is in concordance
with other studies reporting on the responsiveness of the
OM-6 [5,9-11]. Three studies [5,9,10] present standard-
ized response means (SRM) above 1.0 and conclude that
OM-6 is responsive to change [27,37]. The last study
[11] concluded that OM-6 was responsive to change
using Guyatt’s Responsiveness statistic (GRS) and statis-
tical significance of differences between scores at the dif-
ferent time points. We did not apply any of these
methods as neither SRM, GRS or statistical significance
between scores provide information regarding the valid-
ity of change scores [23].
Minimal important change (interpretability)
When interpreting OM-6 change scores, it is not only
important to know whether results are statistically sig-
nificant, but also whether they are relevant for children/
caregivers or clinicians. By including the GPE-scale we
aimed to assess the MIC as perceived by the patients.
However choosing a ROC cut-off point as a parameter
of MIC is highly dependent on the aim of the investiga-
tion. Often the aim will be to assess change after inter-
vention. In this situation we recommend a cut-off value
of 16.7 on the FHS as true-positives may be more im-
portant than true-negatives. This cut-off is within meas-
urement error (SDC) and sample size should be adjusted
accordingly in order to minimize measurement error.
However, results of this study show that MIC will be be-
yond SDC even in very small groups. On the other hand,
Table 7 Responsiveness – construct and criterion responsiveness
Change score
mean (SD)
Construct responsiveness Criterion responsiveness
Correlationa Correlationa ROC-analysis
CHQ-PF50b FHSc NRS-childc CIQ FHS CIQ NRS GPE AUC
FHS 27.1 (20.8) −0.67 - −0.79 0.72 −0.73 −0.52 0.80
NRS-child −31.1 (25.7) 0.66 −0.79 - −0.73 0.82 0.46 0.77
aspearman’s rho.
bcorrelation to mean of scores of included subscales of CHQ-PF50.
cscales of OM-6.
Table 8 Smallest detectable change and minimal
important change
Range SDC MIC Sensitivity Specificity
FHS 0-100 19.8 16.7 0.8 0.7
22.2 0.7 0.8
NRS-child 0-100 25.9 30.0 0.7 0.7
Heidemann et al. Health and Quality of Life Outcomes 2013, 11:201 Page 7 of 10
http://www.hqlo.com/content/11/1/201
if the primary objective is to distinguish between “im-
portantly improved” and “stable” children a cut-off value
of 22.2 will be the most appropriate as this represents the
optimum cut-off when weighting sensitivity and specificity
equally. Two other studies have commented on the inter-
pretability of change scores on the OM-6. In the original
article on OM-6, Rosenfeld et al. proposed guidelines
adopted from a study on asthma patients [5,38]. Brouwer
et al. presented results on “minimally clinical important
difference” (MCID) by applying distribution and anchor-
based methods [11]. For the distribution based methods,
MCID was calculated using effect sizes (ES) and standard
error of measurement (SEM) as benchmarks. ES and SEM
are both statistical parameters linked to the measurement
variance (error) and therefore refer more to the SDC than
the MIC [23]. This is also supported by the fact that both
estimates correspond well with the SEM of our study. For
the anchor based methods calculations of MCID was based
on anchors reflecting important differences perceived by
clinicians rather than patients/respondents. Hence, results
of this study are not directly comparable with those pre-
sented by Brouwer et al. as we wanted to investigate im-
portant change as perceived by the patients. The clinical
picture of rAOM and OME may be very different from pa-
tient to patient and severity of symptoms may also vary
greatly between episodes. Thus, there may be discrepancy
between what clinicians and respondents perceive as im-
portant change. Therefore, we believe that in order to
specifically investigate the impact of rAOM and OME on
these children and their families, it is important to include
anchor-questions aimed directly at this issue e.g. by apply-
ing a GPE-scale.
Limitations of this study
This study was conducted on a subgroup of children suf-
fering from OM, as indication for ventilating tube treat-
ment had to be present. Therefore, if these translations
are to be applied in more heterogeneous populations basic
investigations regarding reliability and validity should be
conducted as for example floor/ceiling effects may be
present in populations with less severe OM.
Questionnaires were administered differently for the as-
sessment of test-retest reliability. Pre-baseline question-
naires were completed on paper in the ENT clinic and
baseline questionnaires were completed at home. Differ-
ences between the test-retest scores may, in part, be ex-
plained by an intention to give socially desirable answers
at the clinic or being more distracted by external factors
e.g. by a crying or impatient child. Furthermore, 82% of
caregivers chose to complete baseline questionnaires elec-
tronically. Although the wording was the same, layout
differences were inevitable which may also have contrib-
uted to differences between pre-baseline and baseline
scores. As our results on reliability and agreement were in
accordance with similar studies we believe this factor to
be negligible.
A GPE-scale was applied for the analysis of criterion
responsiveness and the assessment of MIC. However, Al-
though GPE scales have been found to be reliable and
valid measures of health transition [39], this study is weak-
ened by the fact that we did not assess the psychometric
properties of the scale beyond correlations to baseline, fol-
low up and change scores. Furthermore, these analyses re-
vealed issues that need mentioning. Firstly, correlation to
change scores was only moderate for the NRS scale.
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Figure 1 Responsiveness and minimal important change - distribution of change scores after dichotomizing children in groups of
“stable” versus “importantly improved”. Change scores were rounded to the nearest 10 before plotting for visual enhancement.
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Secondly, correlations with baseline and follow up scores
revealed that scores on the GPE scale were strongly influ-
enced by the current status (results not presented). This is
in concordance with findings in other studies [39,40].
Therefore, the MICs presented in this study should only
be regarded as an indication to what the caregivers per-
ceive as important change. Further studies on the MIC for
the OM-6 are warranted.
Conclusion
The Danish version of the OM-6 is a reliable, valid, re-
sponsive and interpretable questionnaire to measure qual-
ity of life in young children with otitis media. Our results
highlight possible weaknesses of the instrument that needs
to be acknowledged when utilizing OM-6. Despite these
issues our analysis supports the continuing use of OM-6
in studies on populations with otitis media.
Consent
By completing the questionnaires consent from the pa-
tient’s guardian/parent/next of kin was implied for the
publication of this report and accompanying images. All
participants received thorough study information by let-
ter and telephone at inclusion.
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hypotheses and test-retest group analysis.
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Additional file 1 
Measurement instruments 
Questionnaires/subscales and single questions included in the analyses: 
OM-6 
FHS scale 
Physical suffering: Ear pain, ear discomfort, ruptured ear drum, high fever, or poor balance. How much of a problem for your child during the past 4 weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) very much a 
problem, 7) extreme problem 
Hearing loss: Difficulty hearing, questions must be repeated, frequently says "What?", or television is excessively loud. How much of a problem for your child during 
the past 4 weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) very much a 
problem, 7) extreme problem 
Speech impairment: Delayed speech, poor pronunciation, difficult to understand, or unable to repeat words clearly. How much of a problem for your child during the 
past 4 weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) very much a 
problem, 7) extreme problem 
Emotional distress: Irritable, frustrated, sad, restless, or poor appetite. How much of a problem for your child during the past 4 weeks because of ear infections or 
fluid? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) very much a 
problem, 7) extreme problem 
2 
 
Activity limitations: Playing, sleeping, doing things with friends/family, attending school or day care. How limited have your child's activities been during the past 4 
weeks because of ear infections or fluid? 
Response options: 1) not limited at all, 2) Hardly limited at all, 3) very slightly limited, 4) slightly limited, 5) moderately limited, 6) very limited, 7) severely limited 
Caregiver concerns: How often have you, as a caregiver, been worried, concerned, or inconvenienced because of your child's ear infections or fluid over the past 4 
weeks? 
Response options: 1) none of the time, 2) Hardly any time at all, 3) a small part of the time, 4) some of the time, 5) a good part of the time, 6) most of the time, 7) all of 
the time 
 
NRS-child scale 
0verall, how would you rate your childs quality of life as a result of ear infection or fluid? 
Response options: Scale range 0-10, 0) worse possible quality of life, 5) Half-way between worst and best, 10) best possible quality of life  
 
CIQ 
FHS scale 
How often did you or your partner experience the following problems during the past 4 weeks as a consequence of ear infections or ear fluid in your child? Please 
circle one number for each question. 
1. Lack of sleep 
2. Absence from work or education 
3. Cancelling of family activities, such as trips, play dates, vacations 
4. Changing daily activities, such as housework, shopping, or time with other siblings 
5. Feeling nervous, agitated, or irritable 
3 
 
6. Feeling helpless or frustrated 
Response options for all of the above: 1) none of the time, 2) hardly any of the time, 3) a little of the time, 4) some of the time, 5) a good bit of the time, 6) most of the 
time, 7) all of the time. 
NRS-caregiver scale 
Overall, how would you rate your quality of life during the past 4 weeks as a result of your child's ear infections or fluid? 
Response options: scale range 0-10, 0) worse possible quality of life, 5) Half-way between worst and best, 10) best possible quality of life 
 
 
CHQ-PF50 (List of subscales included in the analyses) 
Global Health (GGH) 
In general, would you say your childs health is? 
Role/Social limitations  Physical (RP)  
During the past four weeks, has your childs school work or activities with friends been limited in any of the following ways due to problems with his/her PHYSICAL 
HEALTH? 
Bodily Pain/Discomfort (BP) 
During the past four weeks, how much bodily pain or discomfort has your child had? 
During the past four weeks, how often has your child had bodily pain or discomfort? 
Mental Health (MH) 
During the past 4 weeks, how much of the time do you think your child: a. felt like crying? b. felt lonely? c. acted nervous? d. acted bothered or upset? e. acted 
cheerful? 
General Health Perceptions (GH) 
4 
 
How true or false is the statement for your child? a. My child seems to be less healthy than other children I know. b. My child has never been seriously ill. c. When there is 
something going around my child usually catches it. d. I expect my child will have a very healthy life. e. I worry more about my childs health than other people worry about their 
childrens health. 
Parental Impact  Emotional (PE) 
During the past 4 weeks, how MUCH emotional worry or concern did each of the following cause YOU : a. Your childs physical health b. Your childs emotional well-
being or behavior c. Your childs attention or learning abilities 
Parental Impact  Time (PT) 
During the past 4 weeks, were you limited in the the amount of time YOU had for your own personal needs because of: a. Your childs physical health b. Your childs 
emotional well-being or behavior c. Your childs attention or learning abilities  
 
4-week history questions: 
 Number of days of antibiotic use? 
 Number of visits to the doctor? 
Number of interrupted nights? 
Number of days observed lower activity level in the child? 
 
GPE scale 
 Overall, how would you rate your childs quality of life as a result of middle ear infection or fluid in the middle ear now compared to how it was before tube treatment? 
Response options: 1) very much improved, 2) much improved, 3) a little improved, 4) no change, 5) a little deterioration, 6) much deterioration, 7) very much 
deterioration.   
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Construct validity 
Tables contain construct validity hypotheses. A correlation of <0.3 was defined as weak, 0.3-0.5 as moderate and >0.5 as strong.  
OM-6 CHQ-PF50 
Question Subscale predicted corr. Comment obtained 
corr. 
Physical suffering (FHS) BP  Strong neg. If pain is present in OM, it will also become apparent in more generalized questions regarding bodily pain. -0.82 
Emotional distress (FHS) MH  Strong neg. If OM has emotional impact on the child this will become apparent in general questions regarding 
emotional well-being as well. 
-0.66 
Activity limitations (FHS) RP  Moderate neg. RP subscale and item 5 of the OM-6 covers the same construct. However, item 5 is more extensive. -0.56 
Caregiver concern (FHS) PE  Moderate neg. It may be hard to determine attention or learning abilities in children below 2-3 years of age. -0.49 
PT  Moderate neg. It may be hard to determine attention or learning abilities in children below 2-3 years of age -0.57 
NRS-child  GGH Moderate neg. Although not measuring the same, the constructs global health is likely to be affected by disease specific 
QoL  
-0.33 
GH Moderate neg. Although not measuring the same, the constructs general health is likely to be affected by disease 
specific QoL 
-0.40 
Summary 
score of 
CHQ-PF50 
subscales 
Strong pos The summary score should correlate strongly to the overall disease specific HRQoL of the child because OM 
is thought to have significant impact on the general well-being of the child  
0.73 
OM-6 FHS summary score Summary 
score of 
CHQ-PF50 
subscales 
Strong neg The summary score should correlate strongly to the summary score of the OM-6 FHS subscale because OM 
is thought to have significant impact on the general well-being of the child 
-0.74 
 
OM-6 4 week history questions 
Question Question predicted 
corr. 
comment obtained 
corr. 
Physical suffering (FHS) No. of days of antibiotic use  Moderate 
Pos. 
Will to some extend be correlated to pain, although pain may be present without indication 
for ant. Treatment. 
0.44 
No. of visits to the doctor Moderate Same as above. 0.55 
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pos. 
Activity limitations (FHS) No. of interrupted nights Strong pos. Only partially covers item 5, but parents are thought to focus on sleep 0.58 
No. of days observed lower 
activity level in the child 
Strong pos. Both items regard the child´s activity level, although OM6 item is more extensive. 0.65 
 
OM-6 OM-6 FHS item/summary score or NRS-child 
Question Question predicted 
corr. 
comment obtained 
corr. 
Hearing loss Om6 FHS item 3 (speech 
impairment) 
Strong pos. Hearing and language should be strongly correlated 0.59 
NRS-child OM6 FHS summary score Strong neg. FHS should correlate strongly to QoL  -0.77 
 
OM-6 CIQ FHS items/summary score or NRS-caregiver 
Question Question predicted 
corr. 
comment obtained 
corr. 
Activity limitations CIQ FHS (Lack of sleep) Strong pos. Parents are thought to focus on sleeping. 0.72 
Caregiver concern CIQ FHS (Cancelling of family 
activities, such as trips, play 
dates, vacations) 
Strong pos. Cancelling of family activities should be related strongly to inconvenience of the parent 0.55 
CIQ FHS (Changing daily activities, 
such as housework, shopping, or 
time with other siblings) 
Strong pos. Changing daily activities should be related strongly to inconvenience of the parent 0.63 
CIQ FHS Summary score Strong pos. Summary score of impact on caregiver FHS (CIQ FHS) is strongly related to caregiver 
concern (same construct). 
0.79 
NRS-caregiver Strong neg. Overall disease specific caregiver HRQoL is strongly related to caregiver concern. -0.75 
NRS-child NRS-caregiver Strong pos. Strong correlation between child and caregiver HRQoL as OM in the child is thought to have 
impact on the whole family. 
0.83 
CIQ FHS summary score Strong neg. Strong correlation between child HRQoL and caregiver FHS as OM in the child is thought to 
have impact on the whole family. 
-0.75 
OM-6 FHS summary score CIQ FHS summary score Strong pos. Strong correlation between child and caregiver FHS as OM in the child is thought to have 
impact on the whole family. 
0.72 
NRS-caregiver Strong neg. Strong correlation between child FHS and caregiver HRQoL as OM in the child is thought to 
have impact on the whole family. 
-0.71 
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Test-retest group 
Table presents comparison analysis between the test-retest group and the remaining study population  no significant differences on variable age, gender, diagnostic subgroup 
or baseline scores. 
 Test-retest group (N=135) Remaining study population (N=300) p-value 
Age, median (Iqr) 1.42 (1.02) 1.46 (1.28) 0.523
 a
 
Gender male, N (%) 80 (54.7) 164 (59.3) 0.372
 a
 
Diagnostic subgroup, N (%) OME: 67 (49.6) 
rAOM: 22 (16.3) 
rAOM/OME: 45 (33.3) 
OME: 139 (46.3) 
rAOM: 41 (13.7) 
rAOM/OME: 118 (39.3) 
0.242 
b
 
Baseline FHS score, mean (SD) 42.9 (18.7) 45.2 (19.0) 0.252
 c
 
Baseline NRS score, mean (SD) 50.8 (23.2) 49.0 (23.2) 0.518
 a
 
 
a
 Wilcoxon rank-sum (Mann-Whitney), 
b
 one-way analysis of variance (ANOVA), 
c
 students t-test 
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Abstract
Objective. Otitis media in children may have a considerable
impact on caregiver quality of life. The disease-specific
Caregiver Impact Questionnaire is designed to assess care-
giver quality of life in relation to child otitis media.
Assessment of the psychometric properties of this instru-
ment is limited. This study assesses the psychometric prop-
erties of this instrument including validity, reproducibility,
responsiveness, and interpretability.
Study Design. Longitudinal validation study.
Setting. Secondary care units.
Methods. Analyses were based on data from 435 families.
Validity was assessed using confirmatory factor analysis,
internal consistency, and hypothesis testing. Test–retest
reliability and measures of smallest detectable change
were investigated in the assessment of reproducibility.
Responsiveness was investigated by means of hypothesis
testing and receiver operating characteristic analysis. An
anchor-based distribution method was applied for determin-
ing minimal important change as perceived by the
respondent.
Results. Factor analysis confirmed the hypothesized 1-
factor structure with an acceptable fit. Cronbach’s alpha
was .90. In the analysis of construct validity, 88.9% of the
hypothesized correlations were correctly predicted.
Intraclass correlation coefficient was 0.87 and smallest
detectable change corresponded to approximately one-
fourth of the scale. Responsiveness was found to be good
and a change score of 13.8 represented minimal impor-
tant change.
Conclusion. The modified Danish version of the Caregiver
Impact Questionnaire is a valid and reproducible measure-
ment tool that is also sensitive to measuring change in the
current setting. A change score representing minimal
important change as perceived by the respondent is pro-
posed. Results of this study support the use of this
instrument.
Keywords
caregiver, CIQ, cross-cultural adaptation, factor analysis,
minimal important change, otitis media, smallest detectable
change, validation
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Introduction
Otitis media (OM) is the leading cause of doctor consulta-
tions for preschool children,1 and studies have indicated that
caregiver functioning and quality of life (QoL) may be
negatively affected by OM.2-9 This is in concordance with
studies on chronic childhood diseases such as asthma and
diabetes.10,11 Insight into disease impact on caregivers, par-
ticularly in preschool children with chronic diseases or dis-
eases like otitis media that may resemble a chronic disease
for a period of time, is important for different reasons.
Parent proxy reporting of the child health state is often
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necessary in children aged 4 years or younger due to limited
cognitive and language abilities,12 and studies have indi-
cated that caregivers’ own QoL may influence their proxy
ratings of the child health state.13,14 Furthermore, parents
play an important role in the cooperation between children
and health care professionals. Quality of life of the parents
may therefore influence the treatment strategy for the child.
Therefore, reports on both child and caregiver QoL are
important in assessing treatment outcomes and planning
future treatment strategies.
The literature describing the impact of otitis media on
caregiver QoL is limited. Most studies either included only
a single item on questionnaires designed for assessment of
child QoL4,5,7-9,15 or used a nonvalidated measure.6 Only 3
studies included validated disease-specific measures for
assessing caregiver QoL as an individual construct. Two
studies used the Family Functioning Questionnaire (FFQ)16
and a version of the FFQ designed for telephone surveys,
respectively.3 The last study used the Caregiver Impact
Questionnaire (CIQ), which is a further development of the
FFQ.2
Investigations on the psychometric properties of the CIQ
are limited to 1 study assessing reliability and validity.2 The
aim of this study is to translate the CIQ into Danish and
assess the psychometric properties, with special attention
given to the factor structure, sensitivity to measuring
change, and the interpretability.
Patients and Methods
Patients and Design
Caregivers were enrolled from private Ear-Nose-Throat
(ENT) clinics in southern Denmark as part of a study inves-
tigating the effects of ventilating tube treatment (VT) in
children with recurrent acute otitis media (rAOM) and otitis
media with effusion (OME). Inclusion criteria were (1) indi-
cation for VT established by an ENT specialist, (2) age 0 to
6 years, (3) no history of VT, and (4) the caregiver should
be able to read, write, and understand Danish. Exclusion cri-
teria were syndrome diseases, cleft lip and palate, or other
concurrent illnesses with the potential to affect the QoL
such as severe heart or lung disease. The study was
approved by the Danish Data Protection Agency. According
to the rules and regulations of the Danish Scientific Ethical
Committee, approval is not required for studies that are
purely observational.
Instruments and Procedure
The CIQ includes 6 items covering physical and emotional
domains and an appertaining numerical rating scale (NRS-
caregiver) for the assessment of global disease-specific QoL
of the caregiver (see appendix, available at otojournal.org).
The principles of forward and backward translations were
applied in accordance with international guidelines.17 The
few discrepancies between the original and back-translated
versions were resolved at a consensus meeting (see appen-
dix). In the original version, respondents were asked to
recall symptom history pertaining to the previous 3 months.
However, we chose a 4-week period to (1) streamline the
recall period with the remaining questionnaires in the study
and (2) reduce recall bias, which may be problematic in
fluctuating diseases.18 Items were adjusted to scales of 0 to
100.2
Outcome was measured at 3 time points. Caregivers
completed questionnaires on the day the ENT specialist
established indication for VT (pre-baseline), within 4 days
prior to surgery (baseline) and at 1-month follow-up. The
following questionnaires were included: pre-baseline (CIQ,
NRS-caregiver, the Otitis Media-6 questionnaire [OM-6],
and NRS-child15,19), baseline, and follow-up (CIQ,
NRS-caregiver, OM-6, NRS-child, relevant subscales of the
50-item Child Health Questionnaire [CHQ-PF5020-25] and
36-item Short Form questionnaire [SF-36],26,27 and 3 ques-
tions regarding the number of interrupted nights, days
absent from work or education, and number of times forced
to cancel social activities because of OM in the child).
Furthermore, a 7-point Global Perceived Effect (GPE) scale
(Figure 1) matching the CIQ and NRS-caregiver was
included at follow-up (a detailed description of all instru-
ments is provided in the appendix). All pre-baseline ques-
tionnaires were handed out and completed on paper. For all
subsequent questionnaires, caregivers were given the choice
between paper-based questionnaires and electronic question-
naires. Eighty-two percent of caregivers completed subse-
quent questionnaires online. We regarded respondents who
completed the baseline questionnaire more than 7 days after
VT as not eligible for data analysis.
Statistical Analysis
Missing items were investigated at baseline and follow-up
and managed in the following manner: if more than 50% of
items were missing, the summary score was discarded
GPE scale
Overall, how would you rate your own quality of life as a result of middle ear 
infection or middle ear fluid in your child now compared to how it was before 
ventilating tube treatment?
1) Very much improved
2) Much improved
3) A little improved
4) No change
5) A little deterioration
6) Much deterioration
7) Very much deterioration.
“Importantly improved caregivers”
“Stable caregivers”
Figure 1. The Global Perceived Effect scale used in the
responsiveness analysis and for determining the minimal important
change. Caregivers choosing response options ‘‘very much
improved’’ and ‘‘much improved’’ were considered to have
‘‘importantly improved,’’ and those choosing options 3-5 (‘‘a little
improved,’’‘‘no change,’’ and ‘‘a little deterioration’’) were
considered to be ‘‘stable.’’
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(regarded as missing in total), and if 50% of items or less
were missing, proportional recalculation was applied to cal-
culate the summary score. This means that the sum score of
the items was divided only by the number of items
answered and not the total number of items.28
Structural validity. Confirmation of the hypothesized 1-factor
structure is most adequately established with confirmatory
factor analysis (CFA). An asymptotically distribution-free
estimation method was applied as data were non-normally
distributed. Model accuracy was based on the chi-square
test and the following model fit indices: (1) comparative fit
index (CFI), (2) root mean square error of approximation
(RMSEA), and (3) standardized root mean square residual
(SRMR). As the relatively large sample size has the poten-
tial to produce statistically significant chi-square values that
are essentially unimportant, all significant chi-square values
were interpreted in combination with the other fit indices.29
Model fit was interpreted as ‘‘acceptable’’ if CFI . 0.90,
RMSEA \ 0.08, and SRMR \ 0.08. Model misspecifica-
tions were investigated by calculating modification indices
(MI). If the model required modifications, the MI along
with content-related considerations were used. Last, internal
consistency was assessed by calculating Cronbach’s alpha.
Alpha should be between .70 and .95.30
Construct validity. Hypotheses were constructed regarding
correlations between items, between items and summary
scores, and between summary scores of the different instru-
ments.30,31 For example, scores on item 1 of the CIQ (lack
of sleep) were expected to correlate positively and strongly
(.0.5) with the number of interrupted nights because of
OM, as an increase in the number of interrupted nights was
expected to negatively influence the caregiver’s perception
of lack of sleep. A higher percentage of correct predictions
indicates stronger support for construct validity (see
appendix).
Reproducibility. Assessment of reproducibility included analy-
sis of test–retest reliability and smallest detectable change.
Test–retest reliability was assessed by computing the intra-
class correlation coefficient (ICC2.1.A).32 Criteria for inclu-
sion in the test–retest analysis were (1) an interval of 2 to
14 days between pre-baseline and baseline measurements,
(2) caregivers had to state that they perceived the state of
OM in their children to be static between the repeated mea-
surements, and (3) questionnaires at both measurements
must be completed by the same caregiver. An ICC of at
least 0.70 is generally required as a minimum standard for
test–retest reliability.18,30,33 The smallest detectable change
(SDC) is based on the standard error of measurement
(SEM), which is the variability in measurements (SD) of the
same individual with a confidence of 95% and is expressed
in the unit of the measurement. It was estimated by comput-
ing the square root of the within-subject variance of the
respondents (SEM = Osbetween measurement1sresidual).
30,34
Variance components were obtained from a multilevel
mixed effects model (restricted maximum likelihood
estimates).35 Because SDC is the smallest amount of change
in individuals that can be detected beyond measurement
error with a confidence of 95%, it is calculated as SDC =
1.96*O2*SEM.30
Responsiveness. For assessment of criterion responsiveness,
the GPE scale was included as an external anchor, and cor-
relations between change scores and the GPE score were
expected to be at least 0.5.36 Receiver operating characteris-
tic (ROC) analyses were performed in which respondents
were dichotomized in groups of ‘‘importantly improved’’
versus ‘‘stable’’ according to their responses on the GPE
scale (Figure 1). Area under the curve (AUC) was inter-
preted as the probability of correctly identifying the ‘‘impor-
tantly improved’’ parents from ‘‘stable’’ parents. An AUC
of 1.00 indicates perfect discrimination, whereas an AUC of
0.50 indicates discrimination no better than chance. Area
under the curve should be at least 0.70.30 Construct respon-
siveness was assessed by hypothesizing that correlations
between change scores of the instruments should be at least
0.5.30,31 Last, floor and ceiling effects were investigated at
baseline as presence of these may hamper the possibility of
detecting change. These were considered present if more
than 15% achieved the highest or the lowest possible
score.30,37
Interpretability. Minimal important change as perceived by
the respondent (MIC) was determined in the analysis of
interpretability. An optimum cut-off point was retrieved
from the ROC analysis and was used as a benchmark for
the MIC score.30,31,38 By weighting sensitivity and specifi-
city equally, the cut-off point was assumed to represent the
lowest overall misclassification. The MIC was related to the
SDC by computing the group size needed to achieve an
SDCgroup that equals the MIC [N = (SDC/MIC)
2].39
STATAÒ v. 12 IC (StataCorp) was used for all analyses.
Results
Four hundred ninety-one families were enrolled in the
study. Fifty-six had to be excluded because of late baseline
responses (. 7 days post-surgery). Fifty-six percent of the
children were male, median age was 1.46 years (interquar-
tile range = 1.23), and 15% had rAOM, 47% had OME, and
38% had a mixed diagnosis (rAOM/OME). Response rates
were 95% and 92% at baseline and follow-up, respectively.
Missing items ranged from 0.0% to 1.1% for the 6 items.
Scale and item descriptive data are presented in Table 1.
Validity. Confirmatory factor analysis was computed based
on 397 valid responses and confirmed the 1-factor model.
However, to obtain an acceptable fit, it was necessary to
include correlations of 2 sets of error variances in the
model. Modification indices revealed large covariances
between items 5 and 6 and items 3 and 4. These covariances
made conceptual sense, and correlations between error
terms of the 2 item sets were included in the final model
(Table 2). Standardized factor loadings ranged from 0.63 to
0.85 (Figure 2). The internal consistency equaled 0.90
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(N = 400). Analysis of construct validity (N = 381) showed
that 23 of the 27 (88.9%) hypothesized correlations were
correctly predicted (see appendix).
Reproducibility. There was a mean of 6.7 days between test–
retest measurements (N = 135). We found no significant dif-
ferences between the test–retest subsample and the remain-
ing study sample with regard to age, gender, diagnostic
distribution, and baseline scores (see appendix). Test–retest
reliability was acceptable (Table 3). Mean difference was
close to zero, indicating no systematic difference between
test–retest scores. Analysis of the SDC showed that only
change scores exceeding 22.3 and 27.6 for the CIQ and
NRS-caregiver, respectively, would be detectable beyond
measurement error at the individual level.
Responsiveness. Change scores of the instruments correlated
strongly with each other and the GPE score (N = 386)
(Table 4). As anticipated, correlations between change
scores of the disease-specific questionnaires (CIQ, OM-6,
NRS-caregiver, and NRS-child) were higher than correla-
tions with the generic questionnaires (CHQ-PF50 and SF-
36; N = 389). Areas under the curve were 0.80 and 0.79 for
the CIQ and NRS-caregiver, respectively (N = 383). Figure
3 presents the distribution of change scores in the 2 groups
(‘‘stable’’ vs ‘‘importantly improved’’ respondents). On the
CIQ, 6.5% and 0.0% scored the lowest and highest possible
scores, respectively, whereas these were 0.5% and 3.9% on
the NRS-caregiver score.
Interpretability. The MIC was 13.8 points for the CIQ and
20.0 for the NRS-caregiver with a sensitivity and specificity
of 0.7 or above. Smallest detectable change was larger than
MIC for both instruments (Table 5), and the group size
Table 1. Item Scores and Summary Scores of the Caregiver Impact Questionnaire and Scores of the NRS-Caregiver at Baseline and
Follow-Up.a
Baseline Follow-Up
N Mean SD N Mean SD
CIQ item 1 412 52.8 32.6 403 22.9 25.6
CIQ item 2 412 27.5 26.1 399 9.4 17.8
CIQ item 3 410 22.6 23.3 398 6.6 14.5
CIQ item 4 411 32.4 26.6 400 9.8 18.0
CIQ item 5 414 44.2 26.8 401 16.3 19.8
CIQ item 6 415 47.9 29.4 401 16.5 21.6
CIQ summary score 415 37.9 22.4 401 13.7 16.8
NRS-caregiver 415 53.9 23.7 401 81.5 18.6
Abbreviations: CIQ, Caregiver Impact Questionnaire; N, number of respondents; NRS, Numerical Rating Scale; SD, standard deviation.
aItem 1: lack of sleep; Item 2: absence from work or education; Item 3: canceling of family activities, such as trips, play dates, vacations; Item 4: changing daily
activities, such as housework, shopping, or time with other siblings; Item 5: feeling nervous, agitated, or irritable; Item 6: feeling helpless or frustrated.
Table 2. Confirmatory Factor Analysis—Fit Statistics.
Model (N = 397) x2 df P Value CFI RMSEA SRMR
Original 1-factor structurea 88.257 9 \ .001 0.836 0.149 0.082
Item 5 with 6b 43.716 8 \ .001 0.926 0.107 0.049
Item 5 with 6 and 3 with 4c 23.599 7 .001 0.966 0.077 0.035
Abbreviations: CFI, comparative fit index; df, degrees of freedom; N, number of respondents; RMSEA, root mean square error of approximation; SRMR,
standardized root mean square residual.
aOriginal structure without correlation of error terms.
bCorrelation of error terms of items 5 and 6 included in the model.
cCorrelation of error terms of items 5 and 6 and error terms of items 3 and 4 included in the model.
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Figure 2. Path diagram displaying the final model with standar-
dized factor loadings and error correlations.
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required to detect a MIC beyond measurement error was 3
for the CIQ and 2 for the NRS-caregiver.
Discussion
The CIQ was found to be reliable and had good construct
validity and responsiveness in the current setting. Analysis
of the structural validity confirmed a 1-factor structure as
expected from the literature.2 However, our results revealed
item sets with a high proportion of shared variance, which
may suggest overlap in item content. An acceptable fit was
obtained in CFA when these covariances were allowed in
the model. In addition, a change score of 13.8 on the CIQ
and 20.0 on the NRS-caregiver represented an important
change for the respondents but was within measurement
error at the individual level. However, this change score
will be beyond measurement error even in small study
samples.
We used CFA to assess the structural validity of the
CIQ. All 6 items loaded significantly and strongly on a
single factor and an acceptable fit was obtained after allow-
ing the error terms of 2 pairs of items to be correlated in the
model. Large covariance was found especially between item
5 (feeling nervous, agitated, or irritable) and item 6 (feeling
helpless or frustrated). This makes conceptual sense as both
Table 4. Responsiveness—Correlations between Change Scores of the Different Instruments and between Change Scores and the Score
of the Global Perceived Effect Scale.a
Mean (SD) Change CHQ-PF50b SF-36b CIQ NRS-Caregiver OM-6 NRS-Child GPE
CIQ 24.6 (22.3) –0.69 –0.67 — –0.78 0.72 –0.73 –0.55
NRS-caregiver –27.9 (25.0) 0.59 0.60 –0.78 — –0.73 0.81 0.51
Abbreviations: AUC, area under the curve; CHQ-PF50, 50-item Child Health Questionnaire; CIQ, Caregiver Impact Questionnaire; GPE, Global Perceived
Effect scale; NRS, Numerical Rating Scale; OM-6, Otitis Media-6 questionnaire; SF-36, 36-item Short Form questionnaire.
aSpearman’s rho correlation coefficients.
bChange scores computed from summary scores of the included subscales.
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Figure 3. Distribution of change scores after dichotomizing respondents in groups according to responses on the Global Perceived Effect
scale. Optimum cut-off point retrieved from receiver operating characteristic analysis determined the minimal important change score
(MIC).
Table 3. Reproducibility—Test–Retest Reliability and Smallest Detectable Change.
N Mean (SD) Differencea ICC (CI) SEM SDC
CIQ 135 –1.9 (11.3) 0.87 (0.82-0.91) 8.0 22.3
NRS-caregiver 135 –1.1 (14.1) 0.82 (0.76-0.87) 9.9 27.6
Abbreviations: CI, confidence interval; CIQ, Caregiver Impact Questionnaire; ICC, intraclass correlation coefficient; N, number of respondents; NRS,
Numerical Rating Scale; SDC, smallest detectable change at the individual level; SEM, standard error of measurement.
aDifference between test–retest scores.
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items are aimed at assessing emotional domains and we
believe the covariance can be explained by some degree of
content overlap. Hence, it may be argued that 1 of these
items should be omitted from the questionnaire. However,
we recommend retaining both items in the questionnaire
because omitting 1 of the 2 items covering emotional
impact will leave this domain with very little impact on the
summary score. However, acknowledging this issue as a
possible weakness of the CIQ is important. Covariance was
also found between item 3 (canceling of family activities,
such as trips, play dates, vacations) and item 4 (changing
daily activities, such as housework, shopping, or time with
other siblings). Although there is an evident association
between these items, this does not necessarily indicate con-
tent overlap. When OM in a child becomes a burden on
family functioning, the family is likely to experience a neg-
ative impact on aspects covered by both items.
Our results support construct validity of the CIQ, and
this is consistent with findings by the original developers.2
All correlations were 0.5 or above, with the highest correla-
tions between summary scores of the disease-specific instru-
ments (0.68-0.83).
Test–retest reliability was acceptable for both instru-
ments. The original developers confirmed test–retest relia-
bility by computing a Pearson’s correlation coefficient of
0.83. We used ICC because it takes systematic error into
account.31 The measurement error as measured by the SDC
was relatively large. Changes of less than 22% on the CIQ
and 28% on the NRS-caregiver are not detectable beyond
measurement error on an individual level. In comparison,
Brouwer et al40 presented SEM values of 6.1 and 8.3 cor-
responding to SDC values of 17 and 23 for the FFQ and
NRS-caregiver, respectively. The slightly poorer agree-
ment found in our study may be explained by different fac-
tors. First, the inclusion of a more heterogeneous study
population (children with both OME and rAOM) may have
increased the error. Second, our administration method
may have added a possible bias as the pre-baseline ques-
tionnaires were completed on paper in the ENT clinic and
baseline questionnaires were completed electronically at
home. Last, the differences between the test–retest scores
may, in part, be explained by an intention to give socially
desirable answers at the clinic or by being more distracted
by external factors, for example, by a crying or impatient
child.
Our findings showed that the CIQ is sensitive to measur-
ing changes over time. Analysis of construct responsiveness
revealed strong correlations between change scores of
instruments measuring similar constructs. Furthermore, cor-
relations between change scores of the CIQ and the GPE
scores were what we expected. The AUC indicated that the
CIQ was able to discriminate between ‘‘importantly
improved’’ and ‘‘stable’’ caregivers. Last, no floor or ceiling
effects were present, enabling bidirectional change scores.
When interpreting CIQ change scores, it is important to
know whether results are statistically significant but also
whether they are relevant for patients or clinicians. By
including the GPE scale, we aimed at assessing the MIC as
perceived by the respondent. However, to meaningfully
interpret the importance of change scores, the MIC should
be linked to measurement error (SDC). The ratio for the
SDC with the MIC was smaller than 1, which implies that
using the CIQ on an individual level is problematic.
Respondents with change scores between 13.8 (MIC) and
22.3 (SDC) may have experienced important improvements
but have a change score within measurement error.
However, most clinical research is conducted to investigate
changes at the group level and measurement error is
decreased by ON in studies at the group level. In this situa-
tion, our results indicate that MIC will be beyond measure-
ment error even in small studies. It should be noted that the
group sizes represent minimal values and regular power cal-
culations should be performed to assess actual sample sizes
needed in studies.
Methodological Considerations
The study population consisted of caregivers of children
scheduled for VT, and disease severity may, to some extent,
limit generalizability. Floor effect may be present in a popu-
lation of less disease severity. Furthermore, the children in
our study sample had a median age younger than 2 years,
which is younger than in some studies.7,8,16,41,42 Language
and cognitive development are limited at this age, which
may negatively influence parent reporting, especially on the
emotional domain. Second, a GPE scale was applied in the
responsiveness analysis and for determining the MIC.
Critical remarks have been made about such a transition
measure with regard to its reliability and because it tends to
depend more on the most recent measurement than on the
first measurement (recall bias).43 Our analysis revealed the
same issues (results not presented). However, we found
the strongest correlations between change scores and the
GPE score. Furthermore, we wanted to assess MIC as per-
ceived by the respondent and not clinicians. To do so, it is
necessary to include an anchor directly aimed at this issue,
for example, a GPE scale.
Table 5. The Minimal Important Change and Its Relation to the Smallest Detectable Change.
Range MIC Sensitivity Specificity Ratio MIC/SDC Nstudy
a
CIQ 0-100 13.8 0.8 0.7 0.62 3
NRS-caregiver 0-100 20.0 0.8 0.7 0.73 2
Abbreviations: CIQ, Caregiver Impact Questionnaire; MIC, minimal important change; NRS, Numerical Rating Scale; SDC, smallest detectable change.
aNumber of caregivers needed in a study for the scale to be able to detect MIC beyond measurement error.
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Conclusion
The modified Danish version of the CIQ has proven to have
good reproducibility, validity, and responsiveness. A change
score of 13.8 represented respondent perceived minimal
important change. This score is outside measurement error
at the group level, implying that the CIQ is an accurate
instrument to measure clinically important changes in clini-
cal trials. Results of this study support the use of this
instrument.
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Appendix 
Translation 
Important issues: 
The term ear infection was changed to the more specific middle ear infection to minimize the risk of including infection of the external ear canal and auricle. 
Semantic adaption of some items was necessary either because a direct translation rendered incomprehensible sentences or the risk of respondent 
misinterpretation was high. E.g. caregiver  was changed to forælder (parent) for two reasons; caregiver is not commonly used in the Danish language and 
parent is often used in the meaning of caretaker. Item 5 feeling nervous, agitated or irritable and item 6 Feeling helpless or frustrated presented some 
semantic difficulties as we felt that these items overlap each other to some extent. 
Measurement instruments 
Questionnaires/subscales and single questions included in the analyses: 
Caregiver Impact Questionnaire (Danish version translated to English) 
How often did you or your partner experience the following problems during the past 4 weeks as a consequence of middle ear infections or middle ear fluid in your child? Please 
circle one number for each question.  
  None of the 
time 
Hardly any of 
the time 
A little of 
the time 
Some of 
the time 
A good bit of 
the time 
Most of 
the time 
All of 
the time 
1. Lack of sleep 1 2 3 4 5 6 7 
2. Absence from work or education 1 2 3 4 5 6 7 
3. Cancelling of family activities, such as trips, play dates, 
vacations 
1 2 3 4 5 6 7 
4. Changing daily activities, such as housework, shopping, 
or time with other siblings 
1 2 3 4 5 6 7 
5. Feeling nervous, agitated, or irritable 1 2 3 4 5 6 7 
6. Feeling helpless or frustrated 1 2 3 4 5 6 7 
2 
NRS-caregiver (Danish version translated to English) 
Overall, how would you rate your quality of life during the past 4 weeks as a result of middle ear infections or middle ear fluid in your child?  
Worst 
possible
  
Best 
possible

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10   
OM-6 
Physical suffering: Ear pain, ear discomfort, ruptured ear drum, high fever, or poor balance. How much of a problem for your child during the past 4 
weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) 
very much a problem, 7) extreme problem 
Hearing loss: Difficulty hearing, questions must be repeated, frequently says "What?", or television is excessively loud. How much of a problem for 
your child during the past 4 weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) 
very much a problem, 7) extreme problem 
Speech impairment: Delayed speech, poor pronunciation, difficult to understand, or unable to repeat words clearly. How much of a problem for your 
child during the past 4 weeks? 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) 
very much a problem, 7) extreme problem 
Emotional distress: Irritable, frustrated, sad, restless, or poor appetite. How much of a problem for your child during the past 4 weeks because of ear 
infections or fluid? 
3 
Response options: 1) not present/no problem, 2) Hardly a problem at all, 3) somewhat of a problem, 4) moderate problem, 5) quite a bit of a problem, 6) 
very much a problem, 7) extreme problem 
Activity limitations: Playing, sleeping, doing things with friends/family, attending school or day care. How limited have your child's activities been 
during the past 4 weeks because of ear infections or fluid? 
Response options: 1) not limited at all, 2) Hardly limited at all, 3) very slightly limited, 4) slightly limited, 5) moderately limited, 6) very limited, 7) 
severely limited 
Caregiver concerns: How often have you, as a caregiver, been worried, concerned, or inconvenienced because of your child's ear infections or fluid 
over the past 4 weeks? 
Response options: 1) none of the time, 2) Hardly any time at all, 3) a small part of the time, 4) some of the time, 5) a good part of the time, 6) most of 
the time, 7) all of the time 
NRS-child 
0verall, how would you rate your childs quality of life as a result of ear infection or fluid? 
Response options: Scale range 0-10, 0) worse possible quality of life, 5) Half-way between worst and best, 10) best possible quality of life  
SF-36 (List of subscales included in the analyses) 
Role Emotional (RE) 
During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities as a result of any 
emotional problems (such as feeling depressed or anxious)? a. Cut down on the amount of time you spent on work or other activities, b. 
accomplished less than you would like, c. Did work or other activities less carefully than usual 
Social Functioning (SF) 
During the past 4 weeks, to what extent has your physical health or emotional problems interfered with your normal social activities with 
family, friends, neighbors, or groups?  
During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with your social activities (like 
visiting friends, relatives, etc.)?
Mental Health (MH) 
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These questions are about how you feel and how things have been with you during the past 4 weeks. For each question, please give the one 
answer that comes closest to the way you have been feeling. How much of the time during the past 4 weeks b. Have you been a very nervous 
person? C. Have you felt so down in the dumps that nothing could cheer you up? d. Have you felt calm and peaceful? f. Have you felt downhearted and 
blue? h. Have you been a happy person? 
Vitality (VT)  
These questions are about how you feel and how things have been with you during the past 4 weeks. For each question, please give the one 
answer that comes closest to the way you have been feeling. How much of the time during the past 4 weeks a. Did you feel full of pep? e. Did 
you have a lot of energy? G. Did you feel worn out? i. Did you feel tired? 
CHQ-PF50 (List of subscales included in the analyses) 
Parental Impact  Emotional (PE) 
During the past 4 weeks, how MUCH emotional worry or concern did each of the following cause YOU : a. Your childs physical health b. Your childs 
emotional well-being or behavior c. Your childs attention or learning abilities 
Parental Impact  Time (PT) 
During the past 4 weeks, were you limited in the the amount of time YOU had for your own personal needs because of: a. Your childs physical health 
b. Your childs emotional well-being or behavior c. Your childs attention or learning abilities  
Parental Impact  Family Activities (FA) 
During the past 4 weeks, how often has your childs health or behavior: a. Limited the types of activities you could do as a family? b. Interrupted 
various everyday family activities (eating meals, watching tv)? c. Limited your ability as a family to pick up and go on a moments notice? d. Caused 
tension or conflict in your home? e. Been a source of disagreements or arguments in your family? f. Caused you to cancel or change plans (personal or 
work) at the last minute?  
Global Perceived Effects scale (GPE) 
Overall, how would you rate your own quality of life as a result of middle ear infection or middle ear fluid in your child now compared to how it was before 
ventilating tube treatment? 
5 
Response options: 1) Very much improved, 2) Much improved, 3) A little improved, 4) No change, 5) A little deterioration, 6) Much deterioration, and 
7) Very much deterioration.   
4-week history questions: 
 Number of interrupted nights due to otitis media in the child? 
 Number of days absent from work or education due to otitis media in the child? 
 Number of time cancelled social activities due to otitis media in the child?  
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Construct validity 
Tables contain construct validity hypotheses. A correlation of <0.3 was defined as weak, 0.3-0.5 as moderate and >0.5 as strong. Correctly predicted 
hypotheses in bold. 
CIQ/NRS-caregiver OM-6 items/summary score or NRS-child 
Question Question predicted corr. comment obtained 
corr. 
CIQ Item 1 - Lack of 
sleep 
Activity limitations Strong pos. If the childs sleep Is interrupted then the parents sleep will also be interrupted. 0.68 
CIQ item 3 - 
Cancelling of family 
activities, such as trips, 
play dates, vacations 
Caregiver concern Strong pos. Cancelling of family activities should be related strongly to inconvenience of 
the parent 
0.56 
CIQ item 4 - Changing 
daily activities, such as 
housework, shopping, 
or time with other 
siblings 
Caregiver concern Strong pos. Changing daily activities should be related strongly to inconvenience of the 
parent 
0.62 
NRS-caregiver Caregiver concern Strong neg. Overall disease specific caregiver QoL is strongly related to caregiver concern. -0.75 
OM-6 summary score Strong neg. Overall disease specific caregiver QoL is strongly related to child QoL. -0.71 
NRS-child Strong pos. Overall disease specific caregiver QoL is strongly related to child disease 
specific QoL. 
0.83 
CIQ summary score Caregiver concern Strong pos. Summary score of impact on caregiver QoL is strongly related to caregiver 
concern (same construct). 
0.79 
 OM-6 summary score Strong pos. Overall disease specific caregiver QoL is strongly related to child QoL. 0.73 
 NRS-child Strong neg. Overall disease specific caregiver QoL is strongly related to child disease 
specific QoL. 
-0.73 
CIQ  NRS-caregiver 
Question Question  predicted corr. Comment obtained 
corr. 
CIQ summary score NRS-caregiver Strong neg. Summary score of  the CIQ should correlate strongly to global QoL -0.81 
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CIQ/NRS-caregiver CHQ-PF50 
Question Subscale predicted corr. comment obtained 
corr. 
CIQ item 3 - 
Cancelling of family 
activities, such as trips, 
play dates, vacations 
FA Strong neg. Expected to assess the same construct -0.65 
CIQ item 4 - Changing 
daily activities, such as 
housework, shopping, 
or time with other 
siblings 
FA Strong neg. Expected to assess the same construct -0.70 
CIQ item 5 - Feeling 
nervous, agitated, or 
irritable 
PT Moderate neg. Cut down in time for personal needs may lead to feelings of nervousness, 
agitation, and irritability. 
-0.62 
CIQ item 6 - Feeling 
helpless or frustrated 
PE Moderate neg. Parental emotional worry or concern over child ear problems will to some 
extent make parents feel helpless or frustrated 
-0.51 
NRS-caregiver Summary score of CHQ-PF50 
subscales 
Strong pos.  Disease specific QoL and generic QoL should be highly correlated 0.68 
CIQ summary score Summary score of CHQ-PF50 
subscales 
Strong neg. Disease specific QoL and generic QoL should be highly correlated -0.74 
CIQ SF-36 
Question Subscale predicted corr. comment obtained 
corr. 
CIQ item 1 - Lack of 
sleep 
VT Strong neg. Lack of sleep will be strongly correlated with lower vitality -0.65 
CIQ item 2 - Absence 
from work or education 
RE Moderate neg. acomplishments/time cut down at work will be moderately correlated to 
absence from work as they do not measure the exaxt same construct. 
-0.50 
CIQ item 3 - 
Cancelling of family 
activities, such as trips, 
play dates, vacations 
SF Moderate neg. Both measure extent of social functioning, however only moderate correlation 
is predicted as SF-36 subscale is more extensive. 
-0.54 
CIQ item 4 - Changing 
daily activities, such as 
housework, shopping, 
or time with other 
siblings 
RE Strong neg.  Strong correlation as both measure extent of time cut down in general.  -0.56 
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CIQ item 5 - Feeling 
nervous, agitated, or 
irritable 
MH Strong neg. Both measure emotional impact -0.62 
CIQ item 6 - Feeling 
helpless or frustrated 
MH Strong neg. Both measure emotional impact -0.62 
NRS-caregiver Summary score of SF-36 
subscales 
Strong pos. Disease specific QoL and generic QoL should be highly correlated 0.71 
CIQ summary score Summary score of SF-36 
subscales 
Strong neg. Disease specific QoL and generic QoL should be highly correlated -0.76 
CIQ 4 week history questions 
Question Question predicted corr. comment obtained 
corr. 
CIQ item 1 - Lack of 
sleep 
No. of interrupted nights? Strong pos. Expected to assess the same construct 0.83 
CIQ item 2 - Absence 
from work or education 
No. of days absent from 
work/education? 
Strong pos. Expected to assess the same construct 0.80 
CIQ item 3 - 
Cancelling of family 
activities, such as trips, 
play dates, vacations 
No. of times cancelling social 
activities?  
Strong pos. Expected to assess the same construct 0.71 
Test-retest group 
Table presents comparison analysis between the test-retest group and the remaining study population  no significant differences on variable age, gender, 
diagnostic subgroup or baseline scores. 
Test-retest group (N=135) Remaining study population (N=300) p-value 
Age, median (Iqr) 1.42 (1.02) 1.46 (1.28) 0.523
a
Gender male, N (%) 80 (54.7) 164 (59.3) 0.372
a
Diagnostic subgroup, N (%) OME: 67 (49.6) 
rAOM: 22 (16.3) 
rAOM/OME: 45 (33.3) 
OME: 139 (46.3) 
rAOM: 41 (13.7) 
rAOM/OME: 118 (39.3) 
0.242 
b
Baseline CIQ score, mean (SD) 37.1 (22.4) 38.3 (22.4) 0.605
c
Baseline NRS-caregiver score, mean (SD) 54.2 (24.0) 53.8 (23.6) 0.884
a
a
 Wilcoxon rank-sum (Mann-Whitney), 
b
 one-way analysis of variance (ANOVA), 
c
 students t-test 
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tubes for otitis media  
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Abstract 
Objective  
The pathological picture may differ considerably between diagnostic subgroups of children treated 
with ventilating tubes for otitis media. Aims of this study are to investigate differences in quality of 
life among diagnostic subgroups of children treated with ventilating tubes and to investigate 
possible predictors for clinical success. 
Methods  
Four-hundred-ninety-one families were enrolled in the study. The Otitis Media-6 questionnaire was 
applied in the assessment of child quality of life. Caregivers completed questionnaires at baseline 
and at 1, 3, 6, 12 and 18 months follow up. Logistic regression analysis was used to investigate 
possible predictors for clinical success.  
Results 
Response rates ranged from 96 to 80%. Distribution among diagnostic subgroups were:15%  
recurrent acute otitis media (rAOM),  47% otitis media with effusion (OME) and 38% mixed 
diagnosis of rAOM and OME (rAOM/OME). A diagnosis of rAOM was found to determine the 
baseline QoL, as there were no significant differences between children diagnosed with rAOM and 
children diagnosed with rAOM/OME.  These children had significantly poorer quality of life at 
baseline compared to children diagnosed with only OME. Factors associated with clinical success 
included a diagnosis of rAOM, number of interrupted nights, doctor visits, cancelled social 
activities due to OM.   
Conclusions 
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Results highlight the importance of distinguishing between diagnostic subgroups of children having 
ventilating tube treatment. A diagnosis of rAOM with or without OME was found to predict 
baseline quality of life and these children were found to suffer significantly more than children with 
only OME. Factors Results of this study support the notion that caregivers of otitis media-children 
with defined surgical indications improve their quality of life and daily functioning after ventilating 
tube treatment. Factors associated to disease severity were found to predict clinical success. 
Abstract word-count: 283  
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Quality of life differences among diagnostic subgroups of children treated with ventilating 
tubes for otitis media 
 
Introduction 
Otitis media (OM) is often divided in two major diagnostic subgroups; acute otitis media (AOM) 
and otitis media with effusion (OME). AOM is characterized by middle ear effusion and acute onset 
of signs and symptoms of middle ear inflammation such as fever, otalgia, possible otorrhoea and 
discomfort that may result in interference with normal activity or sleep (1) whereas OME is defined 
as middle ear effusion without signs or symptoms of acute ear infection. Disease severity of OME 
ranges from no symptoms to lowered activity level and sleep disturbances or even significant 
hearing loss and speech impairment (2). Many children experience an overlap of symptoms from 
both disease categories. However, the clinical picture may vary significantly concerning type as 
well as severity of symptoms, which is reflected by the use of several different regimens in the 
handling of OM. 
Ventilating tube treatment (VT) for recurrent AOM (rAOM) and chronic OME is usually the 
standard treatment and has become the most common pediatric surgical procedure (3). Recent 
reviews on the effectiveness of this procedure have pointed out the necessity of more studies on 
subjective outcomes such as child well-being and health related quality of life (QoL) (4;5). Most 
studies on child QoL in relation to VT have included study samples of both subgroups (6-11) and 
their analyses have been based on the study sample as a whole without differentiating between the 
diagnostic subgroups. A few studies have been conducted on subgroups of OME patients 
exclusively (12-14) and one study focus on a subgroup of rAOM patients, but there is a lack of 
studies focusing on subgroup differences. 
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The purposes of this study are to assess possible changes in child QoL in relation to VT and to 
assess QoL differences among diagnostic subgroups of children scheduled for VT. Furthermore, we 
want to investigate possible predictors for clinical success. 
 
 Methods 
Patients and study design 
This prospective observational cohort study included 491 families enrolled consecutively over a 
period of 13 months in (February 2011 to March 2012) by 15 Ear-Nose-Throat (ENT) specialists in 
private clinics in Southern Denmark. Inclusion criteria were children aged six months to six years 
suffering from rAOM, OME or both in which indication for scheduling VT was established by an 
ENT specialist. We excluded 1) children with previous VT, 2) caregivers who were not able to read, 
write and understand Danish, 3) children with syndrome diseases, cleft lip and palate or other 
concurrent illnesses with the potential to affect the quality of life such as severe heart or lung 
disease. Although 569 families met the inclusion criteria, 78 families were not included, either 
because they declined the invitation or because the ENT specialist for logistic reasons failed to 
invite the family to join the study. Due to extreme workload one clinic enrolled less than 50% of 
eligible families which accounted for 40% of the 78 families that were not included. There were no 
significant differences on demographic variables, child age and gender or QoL scores between 
families enrolled by this clinic compared to those enrolled by the rest of the clinics and no 
significant differences between total study sample and the 78 families not included with regards to 
diagnostic subgroup, child age and child gender (see appendix). Data were collected at seven time 
points; when indication for VT was established by the ENT specialist (pre-baseline), a few days 
before surgery (baseline) and at follow-up after 1, 3, 6, 12 and 18 months. Informed consent was 
implied if study surveys were completed. The study was approved by the Danish Data Protection 
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Agency. According to the rules and regulations of the Danish Scientific Ethical Committee approval 
is not required for studies that are purely observational.  
 
QoL was assessed using the disease specific proxy-completed Otitis Media-6 questionnaire (OM-6) 
(15;16). The OM-6 contains five items covering physical and emotional domains of child QoL and 
one item on caregiver concerns. Each item is scored on a 7 point Lickert-type scale with a four 
week recall period. The brevity and ease of use makes it ideal for application in clinical and home 
settings. We used the validated Danish version of the OM-6 (16). When interpreting change scores, 
previous studies have relied on an algorithm adopted from a study on asthma patients which divides 
changes scores into worse, trivial, small, moderate and large change (15). In order to enhance the 
validity of the change score interpretation we used the minimal important change (MIC) score of 
16.7 (scale range: 0-100) as  proposed in a recent study (16). This change score corresponds to large 
improvements and the upper part of moderate improvements in the original algorithm. 
Additional information collected at baseline included age, gender and diagnostic subgroup, history 
of middle ear symptoms and VT in siblings, presence in daycare/institution, use of pacifier, 
smoking inside the house, demographic data comprising household income, caregiver educational 
level and occupation and  number of adults and children in the household. We also collected 
information related to disease severity. This included antibiotic treatment, interrupted nights, doctor 
visits, and cancelled social activities due to OM for the four weeks prior to baseline. Finally, we 
obtained data on repeated VT and adenoidectomy from the Danish National Health Service 
Register. 
 
Statistical analysis 
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OM-6 item scores were adjusted to a scale of 0 to 100, with 0 as “no impact” and 100 as “worst 
possible impact”. The summary score was computed as the sum score of the items divided by the 
number of items answered (proportional recalculation) (17). A summary score was only computed 
if 50% of items or less were missing. If more than 50% of items were missing, the summary score 
was discarded (regarded as missing in total). For selected analyses children diagnosed with rAOM 
and rAOM/OME were combined in a +rAOM group if there were no significant difference between 
these children. The children only diagnosed with OME made up the –rAOM group. Lastly, parents 
were asked to complete questionnaires twice before surgery in order to compare changes after VT 
with changes before VT. By doing so the children were used as their own pseudo-controls. Only 
change scores obtained from children with an interval of more than 21 days between pre-baseline 
and baseline were considered valid. 
Mixed models data analysis was applied on data based on repeated measurements. Simple random 
intercepts models were constructed to test for statistical significance in change from baseline scores 
to follow-up scores and to test for difference scores between diagnostic subgroups.  
For determining predictors associated with clinical success we computed the following analysis. 
First, we wanted to determine factors associated with children’s experience of important changes in 
QoL after intervention at short-term (one month) and long-term (12 months) follow up. The MIC 
value of 16.7 points was used to dichotomize respondents into groups of “importantly improved” 
versus “stable” (16). Second, we wanted to determine factors associated with needing repeated 
surgery, including the role of QoL and factors related to disease severity. The dependent variables 
were the dichotomized change score and having repeated surgery vs. no repeated surgery within 18 
months follow up. Independent variables included all relevant covariates (see appendix). Non-
binomial variables were dichotomized at the median if possible (see appendix). Univariate logistic 
regression analysis determined variables eligible for inclusion into the multivariate analysis. 
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Multivariate logistic regression with stepwise omission of least significant variables was applied in 
the predictor analysis. All statistical analyses were performed using STATA/IC 13.0. 
 
Results 
Demographic and descriptive data are presented in Table 1. Children scheduled for surgery because 
of OME without rAOM (-rAOM) were significantly older compared to children scheduled because 
of rAOM or rAOM/OME (+rAOM) (mean difference: 0.69 years, 95% CI: 0.46-0.91, p<0.001). 
Although there were no significant difference in the number of household children among the 
diagnostic subgroups (ANOVA: p=0.64), children in the +rAOM group had significantly more 
siblings with a history of middle ear problems (mean difference: 0.15, 95% CI: 0.04-0.25, p=0.007) 
and a history of VT (mean difference: 0.12, 95% CI: 0.01-0.23, p=0.026). Thirty-one percent of 
children needed repeated surgery within the 18 months follow up period. Twenty-six percent had 
one repeated surgery and five percent had two or three repeated surgeries. The mean number of 
days from initial surgery to the first repeated surgery was 291.9 (SD=141.0). There were no 
significant difference in children needing repeated surgery with regards to diagnostic subgroups 
(chi2=1.035, p= 0.309) and gender (chi2=2.231, p= 0.135). However, children needing repeated 
surgery were significantly younger (mean difference: 0.56 years, 95% CI: 0.31-0.81, p<0.001).  
 
Child QoL 
Response rates ranged from 96% at from baseline to 81% at 18 months follow-up (Table 2). There 
were no statistical significant differences in item scores at baseline between the children in the 
+rAOM group (rAOM and rAOM/OME) (p-value range: 0.097-0.626). Children in the +rAOM 
group scored significantly worse on domains of physical suffering, emotional distress, activity 
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limitations and caregiver concerns than children in the -rAOM group. +rAOM children had 
significantly lower baseline QoL (summary score) than –rAOM children (Table 2). 
Significant QoL improvements were seen at one month follow up (Table 3) and QoL improved 
further between one and three months follow-up (mean change: 4.3, 95% CI: 2.7-6.0, p<0.001). 
Seventy percent of children had experienced important change at one month follow. This increased 
to 81% at 18 months follow up (Table 4). There was a statistically significant difference in the 
number of children experiencing important improvements between the +rAOM and –rAOM 
subgroups (Chi2: 5.1-13.7, p-value range: >0.001-0.024).  
Valid change scores from pre-baseline to baseline were available for 74 children with a mean of 
31.7 (SD=10.2) days between measurements. Baseline QoL scores of these children did not differ 
significantly from baseline QoL scores of the remaining study sample (see appendix). Change 
scores related to the MIC are presented in Table 5. 
Children needing repeated surgery had slightly worse baseline QoL (mean difference: 4.4, 95% CI: 
0.7-8.1, p<0.018). However, there were no significant differences between children experiencing 
important improvements at one month follow-up with regards to needing repeated surgery (Chi2: 
1.007 p-value=0.316). 
 
Predictors of clinical success 
Results of the univariate analyses are presented in the appendix. Factors associated with clinical 
success at one and 12 months follow-up included diagnostic subgroup,  number of doctor visits, 
interrupted nights, cancelled social activities and not needing repeated surgery. The latter was 
associated with young age and adjuvant adenoidectomy was associated with a smaller risk of 
repeated surgery (Table 6).  
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Discussion 
To our knowledge this study is the first to provide systematic evidence of subgroup differences in 
QoL of children undergoing VT for otitis media. Caregivers reported considerable improvements in 
child QoL after treatment. Children diagnosed with rAOM with or without OME experienced 
significantly larger improvements than children diagnosed with only OME. More than 70% had 
experienced patient perceived important QoL change at one month follow up. 
Child QoL 
Baseline scores for the total study sample indicated that the QoL of OM-children scheduled for VT 
is affected and our findings are consistent with previously published studies with similar study 
samples (6-8). Unfortunately, none of these studies report on the differences among diagnostic 
subgroups. We believe that our results highlight the importance of distinguishing between the 
diagnostic subgroups in these children. The clinical picture of rAOM versus OME may be very 
different, which our results also point out. Children in the +rAOM had significantly worse baseline 
QoL compared to children in the –rAOM group. Furthermore, the presence of rAOM was found to 
determine disease severity as there was no significant difference between QoL scores of children 
with rAOM compared to children with a mixed diagnosis of rAOM and OME. Children in the 
+rAOM group scored significantly worse on domains related to the acute consequences of OM 
(physical suffering, activity limitations and emotional distress).  In contrast, children in the –rAOM 
group scored worse on domains related to the long term consequences of OM (hearing loss and 
speech impairment). Although the latter was not statistically significant this trend makes clinical 
sense and similar findings were presented by Timmerman et al. in a study on 77 children with OME 
scheduled for VT (12). Furthermore, experiencing episodes of rAOM was a strong predictor for 
clinical success and nearly 80% of children with +rAOM had experienced important improvements 
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in QoL at one month follow-up. In comparison slightly more than 60% of children in the –rAOM 
had experienced important improvements at one month follow up. 
Factors related to disease severity were found to predict clinical success, and this is in concordance 
with other studies. Rosenfeld et al. showed that otitis prone children had favorable outcomes (6) and 
Witsell et al. found a low QoL baseline score and a greater number of ear infections at baseline was 
associated with success (7). In the latter study higher parent educational level and working parents 
were also found to be associated with better chance of success. We included a number of 
demographic variables, but none of these were significantly associated with clinical success in the 
multivariate regression analyses. Furthermore, although adenoidectomy has been associated with 
favorable objective outcomes such as quicker resolution, hearing improvements, lower recurrence 
frequency and a decreased need for repeated surgery (18-20), we did not find adjuvant 
adenoidectomy at initial VT to be associated with clinical success. 
The natural history of OM is favorable and spontaneous resolution will occur eventually in most 
cases (21). Therefore, QoL in many of these children is likely to improve over time independently 
of tube insertion. As an attempt to distinguish QoL changes related to ventilating tubes from the 
natural history of the disease we measured QoL twice before treatment. The time interval between 
these measurements was at the discretion of the ENT specialist and was determined mostly by the 
waiting list in the individual clinics but to less extend also by disease severity. Valid change scores 
were obtained from a 15% subsample with no significant differences in baseline QoL scores 
compared to the remaining study sample. Mean waiting time before surgery was 31 days. 
Therefore, as answers are given based on a four week recall period, we were able to gather 
information on QoL pertaining to approximately two months before surgery. Mean change in this 
period was insignificant and close to zero. Only 14% experienced important improvements before 
surgery. In contrast, 63% had experienced important improvements after surgery. These findings 
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show that, at least in the short term, QoL is likely to improve after VT. Similar findings have been 
reported by Rosenfeld et al. who found that 12 percent experienced large improvements before 
treatment whereas 50% experienced large improvements after treatment (6). In contrast to our 
findings, results of two randomized trials including children with rAOM (22) and OME (13), 
respectively suggest that the changes in child QoL are related to the natural history rather than 
treatment. Both studies allocate children to treatment versus no treatment. Both studies find 
considerable improvements in quality of life at 12 month follow-up. Although the treated group 
improves more than the non-treated group there is no statistically significant difference between the 
groups. However, we believe that different factors hamper the comparability between these studies 
and our study. None of the two studies included children consecutively. They include 49% and 73% 
of eligible children and unfortunately none of the studies obtain information on baseline QoL of 
children who did not participate (13;23). Naturally one may speculate if caregivers of the most 
severely affected children are the ones who refused participation which may decrease the 
generalizability considerably. The study that includes rAOM children measures QoL using the OM-
6 and these children seem to score considerably better on all items compared to the rAOM children 
included in our study which support this notion (22). Furthermore, around 10% of children allocated 
to the non-treated groups received VT (13;23). It is likely that these children had lower QoL 
compared to the remaining children in their allocation group. Consequently, as both studies 
correctly applied the intention to treat analysis method, scores of these children have decreased the 
overall QoL score of the group allocated to no treatment. 
In addition to measuring QoL at one month follow-up, we also included measurements after 3, 6, 12 
and 18 months follow up. We saw a gradual change in QoL scores with further improvements at 
three months follow-up after which QoL scores stabilized. The further improvement is most likely 
explained by gradual changes in the child e.g. improvements in sleeping pattern, less episodes of 
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pain and fever, changes in behavior, improvements in language and learning skills etc. in 
combination with the natural history of the disease and the natural achievement of skills over time 
in young children.  
We included long-term measurements after 12 and 18 months follow-up to see if QoL would be 
stable or perhaps decrease as a result of subsequent adverse events or tube-related complications 
such as recurrent otorhea, tube clotting, premature tube extrusion etc. Complications are rare (24) 
and our findings do not lead us to suspect significant complications in our study sample. 
Furthermore, our results on repeated surgery indicated that tubes had extruded after a mean of nine 
months which is in concordance with the literature (25;26).However, we did see a 30% frequency 
of repeated surgery which is above the frequency reported in other studies (20;27). This is likely 
explained by younger age of our study sample compared to the study samples included in these 
studies.  Prevalence of OM peaks from the age of 6 to 36 months after which it declines. 
Consequently, the risk of disease recurrence is likely to decrease with child age and this notion is 
supported by our regression analysis. We found that young age was associated with a higher risk of 
repeated surgery which is in concordance with findings by Boston et al. in a retrospective study on 
more than 2000 children with rAOM and OME (20). As expected, we found that children needing 
repeated surgery because of disease recurrence had less chance of experiencing important change in 
QoL at 12 months follow-up. However, we did not find baseline QoL to be a predictor for repeated 
surgery, which indicates that disease severity is not linked to the risk of repeated surgery. Adjuvant 
adenoidectomy at initial VT seemed to have a protective effect which is in concordance with 
findings in the study by Boston et al. (20). Children having adjuvant adenoidectomy at baseline 
were significantly older than those who did not have adjuvant adenoidectomy (mean difference: 
1.05, 95% CI: 0.62-1.50, p<0.001) which to some extend may explain its protective effect. 
However, performing adenoidectomy requires a more complicated anesthetic setup using laryngeal 
15 
 
mask compared to children undergoing VT alone which can be done in mild anesthesia without any 
form of  airway insertion.  Therefore, most private clinics refrain from performing adenoidectomy 
in children that are very young and in support of a protective effect of adenoidectomy Boston et al. 
found that children undergoing a second VT with adjuvant adenoidectomy did not differ 
significantly on age from those undergoing VT alone (20).  
To appreciate the present results, some issues should be considered. The level of evidence offered 
by observational research is inferior that of randomized controlled trials. Although we observed 
QoL improvements after VT, we cannot state for certainty that all benefits were due to VT. 
However, we were able to include a large cohort of severely affected children from different 
diagnostic subgroups of OM which adds considerably to the generalizability of our results. This 
would probably be difficult in a controlled trial. Furthermore, we included two measurements 
before treatment, and found no change in a subsample of children that did not differ significantly 
from the rest of the study sample.  We fully acknowledge the fact that this does not have the same 
scientific strength as including a true control group. However, we believe that it further supports the 
notion that VT was the primary reason for the QoL improvements. In addition we believe our study 
is also strengthened by high response rates, even at long-term follow-up. That said, we strongly 
recommend randomized controlled trials that includes QoL as an outcome in this patient group. 
Due to the age range of the included children, caregivers were used as proxies when completing the 
questionnaires. The ability of caregivers to rate their child’s QoL adequately has been widely 
discussed (28;29). In a condition such as recurrent OM with a high prevalence of caregiver concern 
and impaired QoL (30), one can question to what extent this concern has influenced their proxy 
rating of the child’s QoL. Furthermore, participation in the study may have led caregivers to be 
more alert on issues related to child QoL. These considerations may lead parents to overestimate the 
negative effect of OM on child QoL. However, in contrast to these considerations, Timmerman et 
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al. have pointed out the possibility of underestimation of the impact of OM. This is thought to be 
explained by caregivers wanting to think positive about themselves and their family and a gradual 
subconscious adaption, whereas they do not realize the severity of the child’s health condition until 
after VT (12). 
 
Conclusion 
The QoL of OM-children improved considerably and significantly after VT. Children diagnosed 
with rAOM with or without OME had worse baseline QoL and were found to improve significantly 
more than children diagnosed with only OME. Predictors for experiencing important change in QoL 
included factors associated with disease severity such as a diagnosis of rAOM, nightly 
interruptions, number of doctor visits and cancelled social activities and the need for repeated 
surgery. Lastly, the baseline level of QoL was not a predictor for needing repeated surgery. 
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Table 1. Demographic and descriptive data of the total sample and diagnostic subgroups 
 Total Sample OME rAOM rAOM/OME 
Distribution, N (%) 491 (100) 233 (47.4) 71 (14.5) 187 (38.1) 
Age at surgery (N=491), median (IQR) 1.44 (1.14) 1.72 (2.06) 1.16 (0.77) 1.34 (0.70) 
Gender (N=491), N (%)     
Male 274 (55.8) 129 (55.4) 39 (54.9) 106 (56.7) 
Female 217 (44.2) 104 (44.6) 32 (45.1) 81 (43.3) 
Number of children in household (N=464), Mean (SD) 1.95 (0.87) 1.96 (0.80) 2.02 (0.96) 1.91 (0.90) 
Child care (N=463), N (%)     
Day care/school 423 (91.4) 207 (95.8) 57 (81.4) 159 (89.8) 
At home 40 (8.6) 9 (4.2) 13 (18.6) 18 (10.2) 
If more than one child in the household – siblings history 
of middle ear problems (N=329)a, N (%) 
 
194 (59.0) 80 (51.3) 32 (61.5) 82 (67.7) 
If more than one child in the household – sibling history 
of VT (N=329) a, N (%) 
142 (43.2) 57 (36.7) 24 (46.2) 61 (50.0) 
Repeated VT during 18 months follow up (N=479), N (%)     
none 331 (69.1) 162 (71.4) 46 (67.7) 123 (66.9) 
1 re-insertion 123 (25.7) 56 (24.7) 18 (26.5) 49 (26.6) 
2 re-insertions 21 (4.4) 7 (3.1) 3 (4.4) 11 (6.9) 
3 re-insertions 4 (0.8) 2 (0.9) 1 (1.5) 1 (0.5) 
Adjuvant adenoidectomy at baseline (N=479), N (%) 36 (7.5) 26 (11.5) 3 (4.4) 7 (3.8) 
Adjuvant adenoidectomy after baseline during 18 months 
follow-up (N=479), N (%) 
23 (4.8) 11 (4.9) 3 (4.4) 9 (4.9) 
Days of antibiotic treatment, mean (SD)     
4 weeks before VT (N=466) 3.8 (5.7) 1.3 (3.4) 7.9 (7.5) 5.3 (5.7) 
4 weeks after VT (N=446) 1.7 (3.9) 1.4 (3.7) 1.4 (5.0) 1.7 (3.6) 
Number of valid responses given in parenthesis following the variable. Abbreviations: N, number of respondents; OME, 
otitis media with effusion; rAOM, recurrent acute otitis media, rAOM/OME, mixed diagnosis of rAOM and OME.   
a
 467 respondents in total, 129 (27.9%) had no siblings, 4 (0.9%) did not know if sibling(s) had a history of middle ear 
problems (regarded as missing data). 
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Table 2. Baseline OM-6 item scores and summary scores of the total sample and diagnostic subgroups.  
 Total sample  -rAOM  +rAOM  Subgroup differences 
 N Mean (SD)  N Mean (SD)  N Mean (SD)  Mean (95% CI) p-value 
Physical suffering 471 49.9 (27.8)  224 39.4 (28.9)  247 59.4 (22.9)  20.0 (15.3-24.7) <0.001 
Hearing loss 466 35.3 (28.5)  223 37.2 (29.5)  243 33.5 (27.5)  -3.7 (-8.9-1.5) 0.163 
Speech impairment 463 31.4 (30.2)  221 33.0 (31.0)  242 29.9 (29.5)  -3.1 (-8.6-2.4) 0.274 
Emotional distress 470 51.8 (27.0)  223 44.4 (27.7)  247 58.6 (24.5)  14.2 (9.5-18.9) <0.001 
Activity limitations 470 38.9 (27.3)  223 30.1 (27.1)  247 46.8 (25.1)  16.6 (11.9-21.4) <0.001 
Caregiver concerns 470 58.3 (25.9)  222 51.4 (28.4)  248 64.5 (21.8)  13.1 (8.6-17) <0.001 
Summary score 471 44.4 (18.8)  224 39.3 (18.7)  247 49.0 (17.7)  9.7 (6.5-13.0) <0.001 
Abbreviations: N, number of respondents; SD, standard deviation; +rAOM: child diagnosed with rAOM or 
rAOM/OME; -rAOM: child diagnosed with OME. 
a
 A score of 0 indicates no impact and a score of 100 indicates worst possible impact on quality of life.  
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Table 3. OM-6 summary scores and change scores for the total study sample and diagnostic subgroups. 
 Total sample  Diagnostic subgroup 
   -rAOM   +rAOM 
Time point N Summary 
Score (SD) 
Change   
(95% CI)b 
 N Summary 
score (SD) 
Change  
(95% CI)b  
 N Summary 
score (SD) 
Change   
(95% CI)b  
Baseline 471 44.4 (18.8) -  224 39.3 (18.7) -  247 49.0 (17.7) - 
1 month 450 17.6 (15.7) 26.9 (25.2-28.6)  213 17.3 (16.4) 22.1 (19.8-24.6)  237 17.8 (15.1) 31.2 (28.7-33.7) 
3 months 427 13.1 (14.7) 31.2 (29.4-33.0)  203 13.4 (14.5) 26.0 (23.6-28.4)  224 12.9 (14.8) 35.9 (33.4-38.4) 
6 months 415 12.5 (15.1) 31.9 (30.1-33.7)  199 11.8 (12.8) 27.6 (25.2-30.1)  216 13.2 (16.9) 35.8 (33.2-38.3) 
12 months 394 13.0 (15.5) 31.4 29.6-33.2)  186 13.4 (15.1) 25.9 (23.4-28.4)  208 12.6 (15.8) 36.4 (33.8-39.0) 
18 months 396 9.6 (13.2) 34.7 (32.9-36.5)  196 9.5 (12.0) 29.8 (27.4-32.3)  200 9.6 (14.4) 39.2 (36.6-41.8) 
Abbreviations: N, number of respondents; SD, standard deviation; +rAOM: child diagnosed with rAOM or rAOM/OME; -rAOM: child diagnosed with OME. SD, 
standard deviation. CI, confidence interval. 
b
 Change scores computed as the difference between baseline and each follow up. All change scores statistically significant (p<0.001) 
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Table 4. Children experiencing important improvements in health related quality of life after 
treatment. 
 Total sample  Diagnostic subgroup 
    -rAOM  +rAOM 
Follow up Totala MICb  Totala MICb  Totala MICb 
1 month 444 313 (70.5)  211 131 (62.1)  233 182 (78.1) 
3 months 425 329 (77.4)  203 142 (70.0)  222 187 (84.2) 
6 months 413 313 (75.8)  199 141 (70.1)  214 172 (80.4) 
12 months 391 290 (74.2)  186 122 (65.6)  205 168 (82.0) 
18 months 394 319 (81.0)  196 146 (74.5)  198 173 (87.4) 
Frequency (%) reported. Abbreviations: MIC, minimal important change; +rAOM: child diagnosed with rAOM or 
rAOM/OME; -rAOM: child diagnosed with OME. 
a Number of caregivers with data at baseline and the different follow ups. 
b
 Number of children with change scores ≥16.7 (MIC). 
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Table 5. Quality of life change scores related to the minimal important change before and after ventilating 
tube insertion.  
 Before surgery  After surgery a  
 N Change score 
(95% CI) 
p-value MIC  N Change score  
(95% CI) 
p-value MIC 
Total sample 74 1.0 (-3.2-5.3) 0.630 14%  71 24.7 (20.4-29.0) p<0.001 63% 
Diagnostic subgroup         
-rAOM 37 0.3 (-5.9-5.2) 0.906 14%  35 20.2 (14.6-25.8) p<0.001 56% 
+rAOM 37 2.9 (-3.1-8.9) 0.342 14%  36 29.6 (23.6-35.6) p<0.001 71% 
Abbreviations: N, number of respondents; SD, standard deviation; MIC, minimal important change; +rAOM: child 
diagnosed with rAOM or rAOM/OME; -rAOM: child diagnosed with OME. SD, standard deviation. CI, confidence 
interval. 
a Change scores at one month follow-up. 
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Table 6. Results of logistic regression model for identifying possible predictors of experiencing 
important improvements in quality of life at 1 and 12 months follow up (clinical success) and for 
having repeated surgery during 18 months follow up. 
Variable OR  95%CI p-value 
Important improvements in QoL after 1 month follow up    
Diagnostic subgroup  (+rAOM) 1.66  1.06-2.61 0.028 
Two or more doctor visits the last four weeks before treatment 1.86  1.17-2.94 0.008 
Ten or more interrupted nights the last four weeks before treatment 1.88  1.17-2.95 0.006 
Important improvements in QoL after 12 month follow up    
Two or more doctor visits the last four weeks before treatment 2.01 1.17-3.46 0.011 
Ten or more interrupted nights the last four weeks before treatment 3.08 1.77-5.38 <0.001 
One or more cancelled social activities the last four weeks before treatment 2.82 1.47-5.43 0.002 
Having one or more repeated surgeries within 12 months 0.27 0.14-0.51 <0.001 
Repeated surgery    
Age younger than 1.44 years 2.17 1.45-3.25 <0.001 
Adjuvant adenoidectomy at baseline 0.15 0.04-0.63 0.010 
Abbreviations: OR, Odds Ratio. CI, confidence interval 
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Appendix  
Table presents comparison analysis between families enrolled by the clinic which enrolled less than 50% and 
the rest of the study population – no significant difference on variables gender diagnostic subgroup, child age 
and child gender. 
 Respondents from clinic Remaining study sample p-value 
Diagnostic subgroup, N (%) +rAOM: 44 (56) 
-rAOM: 34 (44) 
+rAOM: 258 (52) 
-rAOM: 234 (48) 
0.514 a 
Child age, median (iqr) 3.76 (1.21) 3.68 (1.33) 0.159 b 
Child gender, N (%) Male: 44 (56) 
Female: 34 (44) 
Male: 275 (56) 
Female: 217 (44) 
0.932 a 
OM-6 baseline score, mean (SD) 43.2 (21.8) 44.5 (18.7) 0.556 b 
Abbreviations: N, number of respondents; +rAOM, diagnostic subgroup including caregivers of children 
with rAOM and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only 
OME. 
a
 Chi2-test, b Wilcoxon rank-sum (Mann-Whitney) 
 
Table presents comparison analysis between families not included and included families – no significant 
differences in demographic variables, diagnostic subgroup, child age and child gender. 
 Not included Included p-value 
Diagnostic subgroup, N (%) +rAOM: 15 (58) 
-rAOM: 11 (42) 
+rAOM: 243 (52) 
-rAOM: 222 (48) 
0.589 a 
Child age, median (iqr) 1.45 (1.15) 1.31 (0.85) 0.671 b 
Child gender, N (%) Male: 12 (46) 
Female: 14 (54) 
Male: 262 (56) 
Female: 203 (44) 
0.309 a 
Caregiver(s) employed full time, N (%) 16 (64) 247 (57) 0.510 a 
Caregiver educational level, N (%) ≤ high school degree: 2 (8) 
undergraduate degree: 2 (8) 
bachelor degree: 17 (68) 
≥ master degree: 4 (16) 
≤ high school degree: 43 (10) 
undergraduate degree: 141 (33) 
bachelor degree: 169 (39) 
≥ master degree: 81 (19) 
0.094 a 
Household income DKK, N (%) <300.000: 3 (14) 
300.000-599.000: 9 (43) 
600.000-899.000: 7 (33) 
>899.000: 2 (10) 
<300.000: 72 (19) 
300.000-599.000: 135 (35) 
600.000-899.000: 148 (38) 
>899.000: 30 (8) 
0.623 a 
Abbreviations: N, number of respondents; +rAOM, diagnostic subgroup including caregivers of children 
with rAOM and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only 
OME; DKK, Danish Kroner. 
a
 Chi2-test, b Wilcoxon rank-sum (Mann-Whitney) 
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Table presents comparison analysis between baseline quality of life scores of children valid as pseudo-
controls and the remaining study sample. 
 Pseudo-controls 
(N=74) 
Remaining study sample 
(N=397) 
p-value 
Total sample, Summary Score (SD) 41.0 (17.9) 45.0 (18.9) 0.109 
+rAOM, Summary Score (SD) 47.9 (16.0) 49.2 (18.0) 0.752 
-rAOM, Summary Score (SD) 34.0 (17.2) 40.3 (18.9) 0.058 
Abbreviations: N, number of respondents; +rAOM, diagnostic subgroup including caregivers of children 
with rAOM and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only 
OME. 
a
 Wilcoxon rank-sum (Mann-Whitney)  
 
Table presents results of the univariate analyses for identifying possible predictors of experiencing important 
improvements in child HRQoL at one month follow up. Dependent variable is change score from baseline to 
1 month follow up. Significant variables in bold. 
Variable Dichotomization Observations Events Percentage p-value OR 
Age of child at surgery <1.44 years 219 160 73.1 0.243 1.28 
 ≥1.44 years 225 153 68.0   
Gender of child Male 252 175 69.4 0.588 0.89 
 Female 192 138 71.9   
Diagnostic subgroup +rAOM 233 182 78.1 <0.001 2.18 
 -rAOM 211 131 62.1   
Adjuvant adenoidectomy at 
baseline surgery 
Yes 306 24 7.8 0.787 1.12 
 No 127 9 7.1   
No. adults in household ≥2 389 273 70.2 0.661 0.86 
 1 45 33 73.3   
No. children in household ≥2 299 209 69.9 0.680 0.91 
 1 135 97 71.9   
Work status Caregiver(s) full 
time 
248 171 69.0 0.443 0.85 
 One or both not full 
time 
181 131 72.4   
income ≥500.000 Dkr 228 152 66.7 0.224 0.76 
 <500.000 Dkr 153 111 72.6   
Educational level ≥ bachelor degree 256 174 68.0 0.169 0.74 
 <bachelor degree 174 129 74.1   
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Abbreviations: OR, odds ratio. +rAOM, diagnostic subgroup including caregivers of children with rAOM 
and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only OME. 
a Respondents asked to give answers pertaining to the 4 weeks prior to treatment. 
 
Table presents results of the univariate analyses for identifying possible predictors of experiencing important 
improvements in child HRQoL at 12 months follow up. Dependent variable is change score from baseline to 
12 months follow up. Significant variables in bold. 
Smoking inside the house Yes 21 16 76.2 0.560 1.36 
 No 413 290 70.2   
Pacifier use Yes 302 215 71.2 0.602 1.13 
 No 131 90 68.7   
Location of child care Day care/school 397 282 71.0 0.370 1.38 
 At home 36 23 63.8   
History of middle ear 
problems in sibling(s) 
Yes 181 134 74.0 0.044 1.65 
 No 128 81 63.3   
History of tube treatment in 
sibling(s) 
Yes 132 95 74.2 0.494 1.19 
 No 177 121 68.7   
Doctor visits before 
treatmenta 
≥2 255 201 78.8 <0.001 2.60 
 <2 185 109 58.9   
Days of antibiotic use before 
treatmenta 
≥1 193 153 79.3 <0.001 2.22 
 None 245 155 63.3   
Interrupted nightsa ≥10 235 186 79.1 <0.001 2.46 
 <10 201 122 60.7   
Cancelled social activitiesa ≥1 178 141 79.2 0.001 2.10 
 None 262 169 64.5   
Variable Dichotomization Observations Events Percentage p-value OR 
Age of child at surgery <1.44 years 189 145 76.7 0.266 1.30 
 ≥1.44 years 202 145 71.8   
Gender of child Male 228 168 73.7 0.796 0.94 
 Female 163 122 74.9   
Diagnostic subgroup +rAOM 205 168 82.0 <0.001 2.38 
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 -rAOM 186 122 65.6   
Adjuvant adenoidectomy at 
baseline 
Yes 26 19 73.1 0.853 0.92 
 No 356 266 74.7   
No. adults in household ≥2 347 256 73.8 0.490 0.75 
 1 38 30 79.0   
No. children in household ≥2 266 196 73.7 0.686 0.90 
 1 119 90 75.6   
Work status caregiver(s) 
employed full time 
223 165 74.0 0.907 0.97 
 One or both not 
employed full time 
157 117 74.5   
Income ≥500.000 Dkr 206 147 73.4 0.563 0.86 
 <500.000 Dkr 132 98 74.2   
Educational level ≥ bachelor degree 231 175 75.8 0.356 1.24 
 <bachelor degree 151 108 71.5   
Smoking inside the house Yes 15 12 80.0 0.607 1.40 
 No 370 274 74.1   
Pacifier use Yes 268 204 76.1 0.197 1.38 
 No 116 81 69.8   
Location of child care Daycare/school 354 261 73.7 0.453 0.70 
 At home 30 24 80.0   
History of middle ear 
problems in sibling(s) 
Yes 161 123 76.4 0.298 1.34 
 No 113 80 70.8   
History of tube treatment in 
sibling(s) 
Yes 117 88 75.2 0.713 1.11 
 No 157 115 73.2   
Doctor visits before 
treatmenta 
≥2 222 186 83.8 <0.001 3.21 
 <2 167 103 61.7   
Days of antibiotic use before 
treatmenta 
≥1 168 139 82.7 0.001 2.25 
 None 219 149 68.0   
Interrupted nightsa ≥10 199 172 86.4 <0.001 4.12 
 <10 186 113 60.7   
Cancelled social activitiesa ≥1 156 136 87.2 <0.001 3.58 
 None 232 152 65.5   
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Abbreviations: OR, odds ratio. +rAOM, diagnostic subgroup including caregivers of children with rAOM 
and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only OME. 
a Respondents asked to give answers pertaining to the 4 weeks prior to treatment. 
 
Table presents results of the univariate analyses for identifying possible predictors for needing repeated 
tympanostomy tube insertion. Dependent variable is having one or more repeated surgeries during 18 months 
follow up. Significant variables in bold. 
One or more repeated 
surgeries within 12 months  
Yes 75 47 62.7 0.012 0.50 
 No 316 243 76.9   
Variable Dichotomization Observations Events Percentage p-value OR 
Age of child at surgery <1.44 years 241 96 39.8 <0.001 2.37 
 ≥1.44 years 238 52 21.8   
Gender of child Male 267 90 33.7 0.136 1.35 
 Female 212 58 27.4   
Diagnostic subgroup +rAOM 252 83 32.9 0.309 1.22 
 -rAOM 227 65 28.6   
Adjuvant adenoidectomy at 
baseline 
Yes 36 2 5.6 0.004 0.12 
 No 443 146 33.0   
Baseline OM-6 score (QoL) ≥44.4 246 88 35.8 0.027 1.57 
 <44.4 214 56 26.2   
No. adults in household ≥2 399 126 31.6 0.920 1.03 
 1 55 17 30.9   
No. children in household ≥2 310 95 30.7 0.566 0.88 
 1 144 48 33.3   
Work status caregiver(s) 
employed full time 
257 81 31.5 0.946 1.01 
 One or both not 
employed full time 
189 59 31.2   
Income ≥500.000 Dkr 234 73 31.2 0.681 1.10 
 <500.000 Dkr 164 48 29.3   
Educational level ≥ bachelor degree 266 73 27.4 0.040 0.66 
 <bachelor degree 183 67 36.6   
Smoking inside the house Yes 23 8 34.8 0.728 1.17 
 No 431 135 31.3   
Pacifier use Yes 323 106 32.8 0.367 1.23 
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Abbreviations: OR, odds ratio. +rAOM, diagnostic subgroup including caregivers of children with rAOM 
and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only OME. 
a Respondents asked to give answers pertaining to the 4 weeks prior to treatment. 
 
 No 130 37 28.5   
Location of child care Daycare/school 414 125 30.2 0.043 0.51 
 At home 39 18 46.2   
History of middle ear 
problems in sibling(s) 
Yes 190 55 29.0 0.224 0.74 
 No 130 46 35.4   
History of tube treatment in 
sibling(s) 
Yes 140 43 30.7 0.825 0.95 
 No 182 58 31.9   
Doctor visits before 
treatmenta 
≥2 271 99 36.5 0.007 1.76 
 <2 187 46 25.0   
Days of antibiotic use before 
treatmenta 
≥1 206 78 37.9 0.009 1.70 
 None 250 66 26.4   
Interrupted nightsa ≥10 243 84 34.6 0.162 1.33 
 <10 211 60 28.4   
Cancelled social activitiesa ≥1 188 78 41.5 <0.001 2.18 
 None 269 66 24.5   
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Abstract
Objective. Caregiver quality of life and daily functioning may
improve after ventilating tube treatment in children with
otitis media. The aims of this study are to assess possible
changes in caregiver quality of life and daily functioning in
relation to ventilating tube treatment and to investigate pos-
sible predictors for clinical success.
Study Design. Longitudinal observational study.
Setting. Secondary care units.
Methods. Four hundred ninety-one families were enrolled in
the study. The Caregiver Impact Questionnaire was applied
in the assessment of caregiver quality of life. Caregivers
completed questionnaires at baseline and at 1, 3, 6, 12, and
18 months’ follow-up. Variables on caregiver daily function-
ing comprised 4 weeks’ history of number of interrupted
nights, absenteeism, cancelled social activities, and doctor
visits as a result of otitis media in the child.
Results. Response rates ranged from 96% to 79%. Significant
improvements in disease-specific quality of life were seen
after treatment. The poorest baseline quality of life was
found in caregivers of children with recurrent acute otitis
media. Significant improvements were found on all variables
on daily functioning. Predictors for caregiver-perceived clini-
cal success included child sex, number of interrupted nights,
doctor visits, absenteeism, and cancelled social activities.
Conclusion. Results of this study support the notion that
caregivers of children with otitis media with defined surgical
indications improve their quality of life and daily functioning
after ventilating tube treatment. Factors related to caregiver
functioning and disease severity were found to be associated
with caregivers experiencing important improvements after
treatment.
Keywords
caregiver, quality of life, CIQ, otitis media, regression analy-
sis, functioning
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Introduction
Health care today is characterized by increasing demand to
document the effectiveness and appropriateness of specific
disease treatments to provide patients with cost-effective,
quality medical care. Ventilating tube treatment (VT) in
children with otitis media with effusion (OME) and/or
recurrent acute otitis media (rAOM) has become the most
frequently performed pediatric surgical procedure in the
Western world.1,2 Despite this, the scientific evidence
regarding the effects of this treatment seems to give rise to
questions rather than answers. Whereas studies have found
no or only slight long-term benefits on objective measures
such as hearing and speech development and recurrence fre-
quency,3,4 results of other studies point toward considerable
improvements in subjective parameters such as quality of
life (QoL).5-9 However, the majority of the latter studies
focus only on child QoL and not caregiver QoL.
Assessment of caregiver QoL, particularly in preschool chil-
dren with chronic diseases or diseases like otitis media that
may resemble a chronic disease for a period of time, is
important in the understanding of the full burden of illness
and to accurately and comprehensively assess the
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effectiveness of different treatments. Due to limited lan-
guage and cognitive abilities in these children, the health
care system relies almost completely on caregiver proxy
reporting.10 Therefore, caregivers play an important role in
the cooperation between these children and health care pro-
fessionals, and the QoL of the parents may influence the
treatment strategy for the child.
Studies have indicated that family functioning, particu-
larly caregiver functioning, may be negatively affected by
OM.5-9,11,12 However, studies on caregiver QoL in relation
to VT are limited and the methodological quality is ques-
tionable, as caregiver concern is assessed either by means of
a single question5,6,8,9,13 or using a nonvalidated instrument
aimed at caregiver QoL.7
The aims of this study are to assess possible changes in
caregiver QoL and daily functioning in relation to VT and
to investigate possible predictors for clinical success.
Methods
Patients and Study Design
Fifteen Ear-Nose-Throat (ENT) specialists in private clinics
in Southern Denmark included caregivers consecutively for
this prospective observational cohort study. To allow for
seasonal variation, the inclusion period spanned from
February 2011 to March 2012, and each ENT specialist par-
ticipated for at least 6 months. Inclusion criteria were care-
givers of children ages 6 months to 6 years suffering from
rAOM, OME, or both in which indication for scheduling
VT was established by an ENT specialist. We excluded (1)
children with previous VT, (2) caregivers who were not
able to read, write, and understand Danish, and (3) children
with syndrome diseases, cleft lip and palate, or other con-
current illnesses with the potential to affect quality of life
such as severe heart or lung disease. Data were collected at
6 time points: a few days before surgery (baseline) and at
follow-up after 1, 3, 6, 12, and 18 months. Informed consent
was implied if study surveys were completed. The study
was approved by the Danish Data Protection Agency.
According to the rules and regulations of the Danish
Scientific Ethical Committee, approval is not required for
studies that are purely observational.
Outcome Measures
Caregiver QoL was assessed using the disease-specific 6-
item Caregiver Impact Questionnaire (CIQ) (see appendix,
available at www.otojournal.org).11 The CIQ contains 6
items covering physical and emotional domains. The brevity
and ease of use make it ideal for application in clinical and
home settings. We used the validated Danish version of the
CIQ.14
Information on daily caregiver functioning included
number of interrupted nights, days of absence from work
or education, cancelled social activities, and doctor visits
due to middle ear problems in the child pertaining to the
last 4 weeks prior to intervention and again at 1-month
follow-up.
Additional Data
Demographic data comprised household income, educa-
tional level, occupation, and number of adults and children
in the household. We also collected information regarding
age and sex of the child, history of middle ear symptoms
and VT in siblings of the child, presence in day care/institu-
tion, use of pacifier, and smoking inside the house.
Statistical Analysis
Caregiver Impact Questionnaire item scores were adjusted to
a scale of 0 to 100, with 0 as ‘‘no impact’’ and 100 as
‘‘worst possible impact.’’ The summary score was computed
as the mean of answered items (proportional recalculation).15
A summary score was computed only if 50% or less of items
were missing. If more than 50% of items were missing, the
summary score was discarded (regarded as missing in total).
Mixed models data analysis was applied as data are
based on repeated measurements. Simple random intercepts
models were constructed to test for statistical significance in
change from baseline scores to follow-up scores and to test
for difference scores between diagnostic subgroups.
For the predictor analysis, we wanted to determine factors
associated with caregiver’s experience of important changes
in QoL after intervention. A minimal important change
(MIC) score of 13.8 points was used to dichotomize respon-
dents into groups of ‘‘importantly improved’’ versus
‘‘stable.’’14 The dependent variable was the dichotomized
change score. Independent variables included all ‘‘additional
information’’ and variables on caregiver daily functioning.
Nonbinomial variables were dichotomized at the median if
possible (see appendix). Univariate analysis determined vari-
ables eligible for inclusion in the multivariate analysis.
Multivariate random effects logistic regression with stepwise
omission of least significant variables was applied in the pre-
dictor analysis.
All statistical analyses were performed using STATA/IC
13.0.
Results
Study Sample
Five hundred sixty-nine families met the inclusion criteria.
Seventy-eight families were not included, either because
they declined the invitation or because the ENT specialist
for logistic reasons failed to invite the family to join the
study. Due to extreme workload, 1 clinic enrolled less than
50% of eligible families, which accounted for 40% of the
78 families that were not included. We did not find any sig-
nificant differences on demographic variables, child age and
sex, or QoL scores between families enrolled by this clinic
compared to those enrolled by the rest of the clinics (see
appendix). There were no significant differences between
our study sample and the 78 families not included with
regard to diagnostic subgroup, child age, and child sex (see
appendix). The remaining 491 families were included in the
analysis. Response rates were 96% at baseline and 91%,
87%, 84%, 79%, and 80% from 1 to 18 months’ follow-up,
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respectively. Demographic and child descriptive data are
presented in Table 1.
Caregiver Quality of Life
Baseline CIQ responses showed the largest impact of OM
on emotional domains and lack of sleep (Table 2).
Caregivers experienced significant positive changes in
scores from baseline to 1-month follow-up (Table 3) and
further significant improvement between 1- and 3-month
follow-up (mean change, 4.8; 95% confidence interval
[CI], 3.3-6.4; P \ .001). Caregivers of children with
rAOM and rAOM/OME did not show any significant dif-
ference in scores (P-value range, 0.242-0.880) and were
gathered in a 1rAOM group. Caregivers in the 1rAOM
group had significantly worse scores on the CIQ than
caregivers in the –rAOM (only OME) group at baseline
(mean difference, 15.2; 95% CI, 11.5-19.1; P\ .001) and
1-month follow-up (mean difference, 3.4; 95% CI, 0.3-
6.5; P = .031).
Applying an MIC value of 13.8, we found that 67% of
caregivers had experienced important change at 1-month
follow-up. This increased to 80% at 18-month follow-up
(Table 4). There was a statistically significant difference in
the number of caregivers experiencing important improve-
ments between the 1rAOM and –rAOM subgroups (x2 =
23.0-35.3, P . .001).
Caregiver Daily Functioning
Significant improvements were observed in all 4 parameters
regarding caregiver daily functioning (Table 5). The largest
improvement was found in the number of disturbed nights
pertaining to the last 4 weeks because of OM in the child.
Daily functioning variables correlated significantly with
CIQ scores at baseline and 1-month follow-up (Spearman’s
rho = 0.46-0.73, P\ .001).
Predictor Analysis
Results of the univariate analysis are presented in the appen-
dix. Multivariate analysis demonstrated the most favorable
outcomes in caregivers who had 10 or more disturbed nights
because of OM in the child during the 4 weeks prior to
treatment. Absenteeism, number of doctor visits, cancelled
social activities, and child sex were also significant factors
(Table 6). Factors not associated with outcome included
age of the child, demographic factors including socioeco-
nomic status, smoking, history of middle ear problems in
siblings, use of antibiotics, and use of pacifier.
Discussion
This study consecutively included a population of caregivers
of children scheduled for VT for otitis media. To our
knowledge, this is the first prospective study using a vali-
dated instrument to assess caregiver QoL as an individual
domain in this patient group. Results indicate that VT may
lead to considerable improvements in caregiver QoL and
daily functioning. Furthermore, factors directly related to
caregiver and family functioning such as interruptions
during the night, absence from work or education, and
number of doctor visits were found to be associated with
caregivers experiencing important improvements after treat-
ment. In addition, male sex in the child was associated with
less clinical success.
Caregiver Quality of Life
Baseline responses indicated that OM in children scheduled
for VT may have a considerably negative impact on care-
giver QoL. In the CIQ developer study from 2007, Boruk
et al11 enrolled a study sample of American caregivers and
children similar to our study sample in many ways. Our
baseline results correspond to findings of this cross-
sectional study, which also found OM to have the largest
impact on emotional domains and lack of sleep. Otitis
media may resemble a chronic disease for a period of time,
and findings of this study are in concordance with findings
of studies on chronic childhood diseases such as asthma
and diabetes.16,17 This supports the importance of
Table 1. Demographic Data and Diagnostic Subgroup of the
Child.a
N = 491b
Age of child, median (IQR) 1.44 (1.14)
Diagnostic subgroup
rAOM 71 (14.5)
OME 233 (47.5)
rAOM/OME 187 (38.0)
No. of adults in household, mean (SD) 1.89 (0.36)
No. of children in household, mean (SD) 1.95 (0.86)
Household incomec
\ 300,000 DKK 75 (18.6)
300,000-599,000 DKK 144 (35.7)
600,000-899,000 DKK 155 (38.2)
. 899,000 DKK 32 (7.9)
Educational leveld
 High school degree 45 (9.8)
Undergraduate degree 143 (31.2)
Bachelor’s degree 186 (40.5)
 Master’s degree 85 (18.5)
Work status (full time)e 263 (57.7)
Child care
Day care 417 (90.1)
School 6 (1.3)
At home 40 (8.6)
Abbreviations: IQR, interquartile range; N, number of respondents; OME,
otitis media with effusion; rAOM, recurrent acute otitis media; SD, standard
deviation.
aFrequency (%) reported unless otherwise indicated.
bMissing data: no. of adults, N = 27; no. of children, N = 27; income, N =
85; educational level, N = 32; work status, N = 35; child care, N = 28.
cAnnual household income (Danish krone [DKK]) before taxes. The aver-
age annual income in 2012 for a Danish couple with children in Denmark
was 570,000 DKK and the poverty threshold was 100,000 DKK
(www.dst.dk and www.sm.dk).
dBased on household adult with the highest level of education.
eAll household adults employed full time.
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Table 2. Baseline Caregiver Impact Questionnaire Item Scores.a
Total Diagnostic Subgroup
1rAOM –rAOM
N Mean (SD) N Mean (SD) N Mean (SD)
Item 1: lack of sleep 468 52.6 (32.6) 245 61.2 (28.3) 223 43.1 (34.4)
Item 2: absence from work or education 468 27.8 (26.3) 244 34.9 (26.9) 224 20.0 (23.4)
Item 3: cancelling of family activities, such as trips, play dates, vacations 465 22.7 (23.5) 244 28.7 (24.0) 221 16.0 (21.2)
Item 4: changing daily activities, such as housework, shopping, or
time with other siblings
466 32.8 (26.6) 245 40.4 (25.0) 221 24.3 (25.7)
Item 5: feeling nervous, agitated, or irritable 469 44.3 (26.7) 247 51.0 (24.2) 222 37.0 (27.4)
Item 6: feeling helpless or frustrated 470 47.7 (29.3) 247 55.3 (26.7) 223 39.3 (29.8)
Abbreviations: N, number of respondents; OME, otitis media with effusion; rAOM, recurrent acute otitis media; 1rAOM, child diagnosed with rAOM or
rAOM/OME; –rAOM, child diagnosed with OME; SD, standard deviation.
aA score of 0 indicates no impact and a score of 100 indicates worst possible impact on quality of life.
Table 3. Caregiver Impact Questionnaire Summary Scores and Change Scores for the Total Study Sample and Diagnostic Subgroups.
Total Sample Diagnostic Subgroup
1rAOM –rAOM
Time Pointa Summary Score (SD) Change (95% CI)b Summary Score (SD) Change (95% CI)b Summary Score (SD) Change (95% CI)b
Baseline 38.0 (22.3) 45.3 (19.8) 30.0 (22.3)
1 month 13.5 (16.7) 24.6 (22.8-26.3) 15.1 (17.4) 30.1 (27.6-32.6) 11.7 (15.7) 18.4 (16.1-20.8)
3 months 8.5 (14.0) 29.3 (27.6-31.1) 9.2 (14.1) 35.9 (33.4-38.9) 7.8 (13.8) 22.1 (19.8-24.5)
6 months 7.2 (13.4) 30.7 (28.9-32.5) 8.8 (15.6) 36.3 (33.7-38.9) 5.4 (10.1) 24.5 (22.2-26.9)
12 months 7.4 (13.1) 30.4 (28.6-32.3) 8.5 (14.1) 36.7 (34.1-39.3) 6.3 (11.7) 23.5 (21.1-25.9)
18 months 4.1 (9.9) 33.8 (32.0-35.6) 5.1 (12.0) 39.9 (37.3-42.6) 3.1 (7.0) 27.1 (24.7-29.5)
Abbreviations: CI, confidence interval; N, number of respondents; OME, otitis media with effusion; rAOM, recurrent acute otitis media; 1rAOM, child diag-
nosed with rAOM or rAOM/OME; –rAOM, child diagnosed with OME; SD, standard deviation.
aNumber of respondents: total sample: baseline, N = 470; 1 month, N = 447; 3 months, N = 427; 6 months, N = 414; 12 months, N = 389; 18 months, N =
392. 1rAOM: baseline, N = 247; 1 month, N = 236; 3 months, N = 224; 6 months, N = 215; 12 months, N = 205; 18 months, N = 198. –rAOM: baseline, N =
223; 1 month, N = 211; 3 months, N = 203; 6 months, N = 199; 12 months, N = 184; 18 months, N = 194.
bChange scores computed as the difference between baseline and each follow-up. All change scores are statistically significant (P\.001)
Table 4. Caregivers Experiencing Important Improvements in Quality of Life on the Caregiver Impact Questionnaire after Treatment.a
Total Sample Diagnostic Subgroup
1rAOM –rAOM
Follow-up Totalb MICc Totalb MICc Totalb MICc
1 month 440 294 (66.8) 232 179 (77.2) 208 115 (55.3)
3 months 425 312 (73.4) 222 190 (85.6) 203 122 (60.1)
6 months 412 315 (76.5) 214 185 (86.5) 198 130 (65.7)
12 months 386 286 (74.1) 203 171 (84.2) 183 115 (62.8)
18 months 391 311 (79.5) 197 178 (90.4) 194 133 (68.6)
Abbreviations: MIC, minimal important change; OME, otitis media with effusion; rAOM, recurrent acute otitis media; 1rAOM, child diagnosed with rAOM
or rAOM/OME; –rAOM, child diagnosed with OME.
aFrequency (%) reported.
bNumber of caregivers with data at baseline and the different follow-ups.
cNumber of caregivers with change scores  13.8 (MIC).
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assessing caregiver functioning and quality of life in order
to fully understand the burden of OM.
Sixty-seven percent of caregivers experienced important
improvements after VT at 1-month follow-up. These find-
ings are supported by 3 studies on child QoL that included
an item on caregiver concerns. Caregiver concerns was the
domain of greatest impact and the one showing the largest
improvement at the 1-month follow-up6,9 and 6-week
follow-up.8 In addition, we observed further improvement in
caregiver QoL at the 3-month follow-up, after which QoL
scores stabilized. This gradual improvement observed
within the first 3 months after treatment is likely explained
by gradual changes in the child, for example, getting used
to sleeping through the night, changes in behavior, improve-
ments in language and learning skills, and so on.
Caregivers in the 1rAOM group had significantly lower
baseline QoL and nearly 80% experienced important improve-
ments at 1-month follow-up. In contrast, only a little more than
50% of caregivers in the –rAOM (only OME) group experi-
enced important improvements. Different factors may explain
these findings. Children with rAOM scheduled for VT are often
younger than those scheduled because of OME. Furthermore,
these children often suffer from high fever, earache, and low-
ered activity level during AOM episodes. These factors are
likely to affect caregivers more than, for example, hearing loss,
speech impairment, or poor balance in a child with OME.
Bearing this in mind, results of this study may help clinicians
facing parental pressure to have VT in children with OME who
do not present with clear-cut surgical indications.
Male sex of the child was associated with less favorable
QoL outcome. There was no significant difference in base-
line scores between caregivers of male versus female chil-
dren (results not presented). However, male sex is a known
risk factor of not only otitis media but also recurrence fre-
quency of both rAOM and OME.18 Hence, male sex may be
linked to a prolonged pathological picture. Although tubes
are in place and functional, boys may be more likely to
experience episodes of fever, pain, and/or otorrhea, which
in turn might affect caregiver QoL.
Caregiver Daily Functioning
Investigations of caregiver daily functioning were included as
an attempt to obtain a more complete understanding of the
burden of OM and the effects of VT. To do so, we included
factors related not only to the economic impact of VT but also
to the social impact of VT. Mean number of days absent from
work or education was 2.4 in the 4 weeks prior to treatment.
In comparison, caregivers of children with uncontrolled
asthma reported a mean of 1.9 days absenteeism over a 6-
month period in a study by Dean et al.19 Furthermore, days of
absenteeism decreased by more than two-thirds after treatment,
which indicates that VT may have a considerable positive
socioeconomic impact. However, it also shows that caregiver
QoL in relation to OM may be influenced by more than just
disease in the child. Secondary effects such as negative conse-
quences of absenteeism (eg, stress and insecurity) are likely to
also contribute considerably. Furthermore, the mean number of
doctor visits decreased by almost 75% after treatment. Mui
Table 6. Results of Logistic Regression Model for Identifying Possible Predictors of Experiencing Important Improvements in Caregiver
Quality of Life at 1- and 12-Month Follow-up.
1-Month Follow-up 12-Month Follow-up
Variable OR (95% CI) P Value OR (95% CI) P Value
Child sex—male 0.60 (0.38-0.95) .028 not significant
Two or more doctor visits the last 4 weeks before treatment 2.07 (1.30-3.32) .002 2.53 (1.40-4.58) .002
One or more days absent from work or education the last
4 weeks before treatment
2.66 (1.67-4.23) \ .001 3.00 (1.65-5.44) \ .001
Ten or more interrupted nights the last 4 weeks before treatment 2.91 (1.84-4.61) \ .001 3.17 (1.74-5.77) \ .001
One or more cancelled social activities the last 4 weeks before treatment not significant 2.57 (1.23-5.33) .012
Abbreviations: CI, confidence interval; OR, odds ratio.
Table 5. Daily Functioning of the Caregiver and Family Related to Otitis Media in the Child Pertaining to 4 Weeks before Treatment and
1-Month Follow-up.
Baseline 1-Month Follow-up Changea
N Min/Max Mean (SD) N Min/Max Mean (SD) Mean (95% CI)
Doctor visits 468 0/10 2.0 (1.6) 449 0/6 0.5 (1.0) 1.5 (1.3-1.6)
Days absent from work or education 466 0/21 2.5 (3.5) 447 0/20 0.8 (1.9) 1.7 (1.4-2.0)
Interrupted nights 464 0/28 12.9 (10.9) 444 0/28 3.6 (6.2) 9.2 (8.3-10.1)
Cancelled social activities 467 0/28 1.1 (2.1) 447 0/5 0.2 (0.7) 0.8 (0.7-1.0)
Abbreviations: CI, confidence interval; N, number of respondents; SD, standard deviation.
aAll change scores are significant (P\.001).
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et al7 presented similar findings at 1-year follow-up in a
retrospective study on effectiveness of VT. We did not collect
data on these variables beyond 1-month follow-up. However,
these variables correlated significantly with caregiver QoL and
were shown to predict the experience of important change
after treatment. Because QoL improved further at 3-month
follow-up before stabilizing, we have no reason to suspect sig-
nificant negative changes in these variables beyond 1-month
follow-up.
Otitis media in the child was also found to cause inter-
rupted sleep in many of the caregivers. Caregivers experienced
a mean of nearly 13 interrupted nights during the 4 weeks
prior to intervention. We did not assess the severity of sleep
deprivation in these caregivers beyond an account of the
number of interrupted nights because of OM. A more detailed
assessment should include number of times sleep was inter-
rupted during the night and duration of sleep. This was beyond
the scope of this study. However, we believe that our findings
show that OM has the potential to severely affect sleep quality
not only in the child but also in caregivers. This in turn can
lead to decreased cognitive performance even in caregivers
losing just a couple of hours of sleep every night. In a study
on healthy adults between the ages of 21 and 38 years, Van
Dongen et al20 found that 14 days of chronic restriction of
sleep to 6 hours or less per night produced performance defi-
cits equivalent to up to 2 nights of total sleep deprivation. Our
results suggest that 35% of caregivers experienced 20 or more
interrupted nights and more than 20% experienced interruptions
every night during the last 4 weeks prior to treatment.
Consequently, it may also be hypothesized that caregivers of
children with OM may experience considerable reduction in
work efficiency and have less energy to participate in social
life. In support of the latter, our results also indicated some
degree of social withdrawal due to OM. Last, one may argue
that many caregivers of small children experience nightly inter-
ruptions regardless of the presence of OM in the child.
However, nightly interruptions had decreased by almost 75% at
1-month follow-up, which we believe supports the notion that
nightly interruptions experienced by these caregivers were due
to OM in the child. This may explain why having 10 or more
interrupted nights before treatment was found to be the largest
predictor for caregivers experiencing important change in QoL
after treatment. Our results on caregiver functioning in relation
to VT emphasize the possible burden of less obvious secondary
socioeconomic aspects related to OM, and we strongly recom-
mend studies that more thoroughly investigate these aspects.
Considerations and Limitations
Assessment of disease severity in preschool children is
often dependent on proxy reporting from caregivers, and
studies have indicated that caregiver QoL may influence
their proxy ratings of the child’s health state, especially on
subjective parameters such as quality of life.21,22 Findings
of this study clearly highlight the importance of considering
how much caregivers are influenced by their own QoL
when they rate their child’s health state. However, our find-
ings also raise the question of whether caregiver QoL can
be used as a proxy measure of child QoL. Stelmach et al23
found that the Pediatric Asthma Caregiver’s Quality of Life
Questionnaire (PACQLO) was a useful tool for monitoring
asthma in children, and it is possible that the CIQ can act as
a reliable supplement in the assessment of disease severity
in children with OM. Research on this matter should include
correlations between CIQ scores and objective findings such
as tympanometric and otoscopic findings. This was beyond
the scope of this study.
There are some additional study limitations that need men-
tioning. For logistic reasons, we were not able to include
respondents in a randomized study and this weakens conclusions
drawn from the results of this study. The natural history of OM
is favorable, and spontaneous resolution will occur eventually in
most cases.24 Consequently, many of these caregivers will expe-
rience improvements in QoL at some point regardless of treat-
ment. However, we believe it would be highly improbable to
see such significant changes after 1 and 3 months, and it is
therefore likely that VT has considerable effects on caregiver
QoL and daily functioning. In light of this, we strongly recom-
mend studies with stronger study designs.
Different cognitive biases related to survey responses also
need to be considered in the clinical interpretation in QoL
research. It would be natural to assume the presence of
response bias to some degree, in which caregivers wish to
give answers they think the researcher wants or to justify
having a child undergo surgery. This would result in an over-
estimation of change scores. However, we believe that
response-shift bias is just as likely to be present. Timmerman
et al25 found that caregivers tended to overestimate child
QoL before VT. The underlying assumption is that caregivers
want to feel positive about themselves and the child even in
the presence of symptoms. Caregivers may also have under-
gone a gradual adaption to the condition and only realize the
severity of the preoperative condition after treatment. This
will result in underestimation of change scores.
Last, this study was not conducted to advocate liberal
use of VT. We included only caregivers of children with
disease severe enough to schedule tube insertion. This study
was conducted for the purpose of adding understanding and
knowledge to the field of otitis media and the treatments of
this disease, and our findings should be weighed against
possible side effects of the treatment.
Conclusion
Results of this study support the notion that caregivers of
children with OM with defined surgical indications improve
their QoL and daily functioning after VT. Also, rAOM in
children was associated with poorer baseline caregiver QoL.
Predictors for caregiver-perceived clinical success included
child sex, number of interrupted nights, doctor visits, absen-
teeism, and cancelled social activities.
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Appendix 
 
 
Caregiver Impact Questionnaire (Danish version translated to English)  
  
 
Table presents results of the univariate analyses for identifying possible predictors of experiencing important 
improvements in caregiver quality of life at one month follow up. Dependent variable is change score from 
baseline to 1 month follow up. Significant variables in bold. 
Variable Dichotomization Observations Events Percentage p-value OR 
Age of child at surgery ≥1.44 years 222 124 55.9 <0.001 0.36 
 <1.44 years 218 170 78.0   
Gender of child Male 248 155 62.5 0.029 0.63 
 Female 192 139 72.4   
Diagnostic subgroup +rAOM 232 179 77.2 <0.001 2.73 
 -rAOM 208 115 55.3   
No. adults in household ≥2 385 258 67.0 0.348 1.35 
 1 45 27 60.0   
No. children in household ≥2 295 188 63.7 0.099 0.69 
 1 135 97 71.9   
Work status Caregiver(s) full 
time 
248 162 65.3 0.539 0.88 
Caregiver Impact Questionnaire 
How often did you or your partner experience the following problems during the past four weeks as a consequence of middle 
ear infections or middle ear fluid in your child? Please circle one number for each question.  
  None 
of the 
time 
Hardly 
any of 
the time 
A little 
of the 
time 
Some 
of the 
time 
A good 
bit of the 
time 
Most 
of the 
time 
All of 
the 
time 
 
1. Lack of sleep 
 
1 2 3 4 5 6 7 
2. Absence from work or education 
 
1 2 3 4 5 6 7 
3. Cancelling of family activities, such as 
trips, play dates, vacations 
 
1 2 3 4 5 6 7 
4. Changing daily activities, such as 
housework, shopping, or time with 
other siblings 
 
1 2 3 4 5 6 7 
5. Feeling nervous, agitated, or irritable 
 
1 2 3 4 5 6 7 
6. Feeling helpless or frustrated 1 2 3 4 5 6 7 
 
Abbreviations: OR, odds ratio. +rAOM, diagnostic subgroup including caregivers of children with rAOM 
and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only OME. 
a Respondents asked to give answers pertaining to the 4 weeks prior to treatment. 
 
 
 One or both not full 
time 
176 120 68.2   
income ≥500.000 Dkr 226 140 61.9 0.231 0.77 
 <500.000 Dkr 150 102 68.0   
Educational level ≥ bachelor degree 253 161 63.6 0.321 0.82 
 <bachelor degree 173 121 69.9   
Smoking inside the house Yes 20 13 65.0 0.901 0.94 
 No 410 272 66.3   
Pacifier use Yes 300 205 68.3 0.204 1.32 
 No 129 80 62.0   
Location of child care Day care/school 394 261 66.2 0.780 0.90 
 At home 35 24 68.6   
History of middle ear 
problems in sibling(s) 
Yes 177 121 68.4 0.095 1.50 
 No 127 75 59.1   
History of tube treatment in 
sibling(s) 
Yes 128 85 66.4 0.530 1.17 
 No 178 112 62.9   
Doctor visits before 
treatmenta 
≥2 252 196 77.8 <0.001 3.35 
 <2 184 94 51.1   
Days absent from work or 
education before treatmenta 
≥1 244 193 79.1 <0.001 3.78 
 None 190 95 50.0   
Days of antibiotic us before 
treatmenta 
≥1 192 152 79.2 <0.001 2.96 
 None 242 136 56.2   
Interrupted nightsa ≥10 234 189 80.8 <0.001 4.2 
 <10 198 99 50.0   
Cancelled social activitiesa ≥1 176 143 81.3 <0.001 3.30 
 None 259 147 56.8   
Table presents results of the univariate analyses for identifying possible predictors of experiencing important 
improvements in caregiver quality of life at 12 months follow up. Dependent variable is change score from 
baseline to 12 months follow up. Significant variables in bold. 
Variable Dichotomization Observations Events Percentage p-value OR 
Age of child at surgery ≥1.44 years 199 126 63.3 <0.001 0.29 
 <1.44 years 187 160 85.6   
Gender of child Male 226 167 73.9 0.915 0.98 
 Female 160 119 74.4   
Diagnostic subgroup +rAOM 203 171 84.2 <0.001 1.15 
 -rAOM 183 115 62.8   
No. adults in household ≥2 342 255 74.6 0.708 1.15 
 1 39 28 71.8   
No. children in household ≥2 261 186 71.3 0.049 0.59 
 1 120 97 80.8   
Work status caregiver(s) 
employed full time 
220 158 71.8 0.173 0.72 
 One or both not 
employed full time 
155 121 78.1   
Income ≥500.000 Dkr 201 141 70.1 0.113 0.66 
 <500.000 Dkr 132 103 78.0   
Educational level ≥ bachelor degree 228 168 73.7 0.831 0.95 
 <bachelor degree 150 112 74.7   
Smoking inside the house Yes 15 12 80.0 0.607 1.40 
 No 366 271 74.0   
Pacifier use Yes 265 211 79.6 <0.001 2.42 
 No 115 71 61.7   
Location of child care Daycare/school 351 255 72.6 0.029 0.20 
 At home 29 27 93.1   
History of middle ear 
problems in sibling(s) 
Yes 157 118 75.2 0.142 1.49 
 No 112 75 67.0   
History of tube treatment in 
sibling(s) 
Yes 113 87 77.0 0.120 1.55 
 No 158 108 68.4   
Doctor visits before 
treatmenta 
≥2 220 194 88.2 <0.001 5.99 
 <2 164 91 55.5   
Abbreviations: OR, odds ratio. +rAOM, diagnostic subgroup including caregivers of children with rAOM 
and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only OME. 
a Respondents asked to give answers pertaining to the 4 weeks prior to treatment. 
 
Table presents comparison analysis between families enrolled by the clinic which enrolled less tha 50% and 
the rest of the study population – no significant difference on variables gender diagnostic subgroup, child age 
and child gender. 
 Respondents from clinic Remaining study sample p-value 
Diagnostic subgroup, N (%) +rAOM: 44 (56) 
-rAOM: 34 (44) 
+rAOM: 258 (52) 
-rAOM: 234 (48) 
0.514 a 
Child age, median (iqr) 3.76 (1.21) 3.68 (1.33) 0.159 b 
Child gender, N (%) Male: 44 (56) 
Female: 34 (44) 
Male: 275 (56) 
Female: 217 (44) 
0.932 a 
Abbreviations: N, number of respondents; +rAOM, diagnostic subgroup including caregivers of children 
with rAOM and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only 
OME. 
a
 Chi2-test, b Wilcoxon rank-sum (Mann-Whitney) 
 
 
Table presents comparison analysis between families not included and included families – no significant 
differences on variable diagnostic subgroup, child age and child gender. 
 Not included Included p-value 
Diagnostic subgroup, N (%) +rAOM: 15 (58) 
-rAOM: 11 (42) 
+rAOM: 243 (52) 
-rAOM: 222 (48) 
0.589 a 
Child age, median (iqr) 1.45 (1.15) 1.31 (0.85) 0.671 b 
Child gender, N (%) Male: 12 (46) 
Female: 14 (54) 
Male: 262 (56) 
Female: 203 (44) 
0.309 a 
CIQ baseline score, mean (SD) 37.9 (22.4) 39.8 (22.3) 0.686 c 
Caregiver(s) employed full time, N (%) 16 (64) 247 (57) 0.510 a 
Days absent from work or 
education before treatmenta 
≥1 215 190 88.4 <0.001 6.05 
 None 167 93 55.7   
Days of antibiotic us before 
treatmenta 
≥1 169 150 88.8 <0.001 4.65 
 None 213 134 62.9   
Interrupted nightsa ≥10 197 176 89.3 <0.001 6.09 
 <10 183 106 57.9   
Cancelled social activitiesa ≥1 154 142 92.2 <0.001 7.30 
 None 228 141 61.8   
Caregiver educational level, N (%) ≤ high school degree: 2 (8) 
undergraduate degree: 2 (8) 
bachelor degree: 17 (68) 
≥ master degree: 4 (16) 
≤ high school degree: 43 (10) 
undergraduate degree: 141 (33) 
bachelor degree: 169 (39) 
≥ master degree: 81 (19) 
0.094 a 
Household income DKK, N (%) <300.000: 3 (14) 
300.000-599.000: 9 (43) 
600.000-899.000: 7 (33) 
>899.000: 2 (10) 
<300.000: 72 (19) 
300.000-599.000: 135 (35) 
600.000-899.000: 148 (38) 
>899.000: 30 (8) 
0.623 a 
Abbreviations: N, number of respondents; +rAOM, diagnostic subgroup including caregivers of children 
with rAOM and rAOM/OME. –rAOM, diagnostic subgroup including caregivers og children with only 
OME; DKK, Danish Kroner. 
a
 Chi2-test, b Wilcoxon rank-sum (Mann-Whitney), c student’s t-test 
